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1.1   The Economics of Height 
Economists are interested in height for at least four reasons. One reason is that a corre-
lation between heights and wages exists: On average, taller men and women earn more than 
their shorter peers (Ekwo et al. 1991, Averett and Korenman 1993 and Persico et al. 20041). 
Because of that, height is usually an important control variable in any well-specified wage 
equation2. Several explanations for the correlation between heights and wages have been dis-
cussed in the literature. For example, it has been suggested that, because of interpersonal 
dominance derived from height, taller people can extract a premium during wage negotiations 
(Klein et al. 1972). Additionally, it has been argued that taller workers are preferred by em-
ployers because they consider them to be more self-confident and assertive (Martel and Biller 
1987). Furthermore, according to Persico et al. (2004), tall adults are also relatively tall during 
adolescence, and because of that are more likely to participate in high school activities in 
which they obtain skills that are later rewarded in the labor market. Case and Paxson (2006), 
finally, suggested that taller people have better cognitive ability, and thus their higher income 
is a return on human capital. In the first essay, we explore another channel. We show that 
white high-income parents can nourish their daughters in a way so that they become relatively 
tall adults. With social mobility being limited, these relatively tall daughters will later, like 
their parents, earn relatively more, generating – at least in part – the positive correlation be-
tween heights and wages for this group.  
                                                 
1 For a more complete list of references, see Chapter 2 of this dissertation. 
2 More recently, Mankiw and Weinzierl (2007) have also argued that because of the correlation, “one must either 
advocate a tax on height, or […] reject, or at least significantly amend, the conventional Utilitarian approach to 
optimal taxation”. Their argument is that in optimal taxation theory, a Utilitarian social planner aims to transfer 
income from high-ability individuals to low-ability individuals, but is not able to distinguish between income 
earned because of ability and income earned because of effort. Since taxing income discourages effort, the planer 
is deterred from the fully egalitarian outcome. Only by taxing attributes that are positively correlated with ability 
– such as height –, the planner can get closer to the optimal solution. Based on simulations, Mankiw and Wein-
zierl show that the optimal tax on height is substantial. A tall person making $50,000 should pay about $4,500 
more in taxes than a short person making the same income. 
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Authoritarian regimes such as the former GDR tend to report unreliably conventional 
standard of living indicators, such as income (von der Lippe, 1996, Feshbach and Friedly 
1992, Morgan 1999). Accurate height information, however, is frequently available (Pak 
2004). As height reflects not only nature but also nurture, the latter can serve as a proxy for 
conventional indicators. This is a second reason for why economists are interested in height, 
which in turn has been used to monitor, for example, the decline in the health of the Soviet 
population during the last decades of its existence, the condition of Taiwan under Japanese 
occupation (Olds 2003) as well as the suffering of the Chinese population during Mao-Tse 
Tung’s ‘Great Leap Forward’ policy of the late 1950s and early 1960s (Komlos and Kriwy 
2003). In the second essay, we use height to compare the former GDR to West Germany. We 
show that before unification, the GDR had a lower but more equally distributed biological 
standard of living than the West. On average, East Germans were shorter than their West 
German peers (-0.81 cm for females and -0.50 cm for males); however, their heights were 
distributed more equally in terms of the coefficient of variation (-0.10% for females and -
0.06% cm for males). This finding is in contrast to Komlos and Kriwy (2003) who found on 
the basis of a different data set that height inequality was about the same. With the adoption 
of the West’s system following re-unification, East Germany rapidly caught up in terms of 
efficiency (heights), but also in terms of inequality. This implies that a trade-off exists be-
tween efficiency and equality not only for conventional indicators (as has often been shown to 
be the case) but also for the biological standard of living. 
For most of human history, conventional indicators of living standards are not avail-
able at all. National accounts, for example, were only developed during the Great Depression 
of the 1930s (Ruggles 1983). Information on height, on the other hand, is available as far back 
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the 18th century3. Many hundreds of thousand of records from nearly all continents of the 
globe have been examined by now (Komlos 1991). One of the most striking findings of this 
research is that adult stature in the United States began to decline among the birth cohorts of 
the 1830s and recovered only in the 1860s. This is surprising and puzzling because according 
to conventional indicators the American economy was expanding rapidly during the antebel-
lum decades (Komlos 1987, Gallman 1966). In the third paper, we use archival data on West 
Point cadets born just subsequent to this period in 1860-84 in order to examine the timing and 
the characteristics of the recovery process. We find that West Point cadets born in the 1880s 
were taller than those born in the 1860s (+1.46 cm) and had significantly higher BMI values 
(+0.85). The cadets were on average under-nourished by modern standards, with today’s av-
erage reference values being about 5 BMI units higher than those of the cadets.  
Well-being is inherently multidimensional, encompassing more than the mere com-
mand over goods and services (Komlos and Snowdon, 2005). Even today, height can thus 
contribute to a more nuanced view of the quality of life by documenting developments above 
and beyond the material well being of a population. This is a fourth reason why economists 
are interested in height. In the fourth paper, we examine the height and weight of 320,000 
German 18-22 year old conscripts born between 1979 and 1982. We find that height is associ-
ated with socio-economic differences such as education. A West-East and a North-South gra-
dient in both height and BMI is found. Today, German recruits are about 5 cm taller than their 
peers 40 years ago and about 12.5 cm taller than those 100 years ago, reflecting a substantial 
improvement in the biological standard of living. To this day, however, individuals of high 
socio-economic status are able to reach an above-average height. 
 
                                                 
3 In general, the sources are surviving military records. Armies all over the world tended to record the height of 
their recruits. Similarly, some universities also collected biometric data of their students (e.g. Harvard University 
for parts of the 19th century, Roche, 1979) 
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2.1   Abstract 
Taller workers earn more. We argue that this is in part because high-income parents can pro-
vide sufficient nourishment for their children so that they become relatively tall adults. With 
limited social mobility, relatively tall children subsequently, like their parents, earn  more 
than average, generating - at least in part - the positive association between height and in-
come. We test this hypothesis by regressing the children’s adult height on their parents’ in-
come at the time the former were adolescents. We find evidence for this hypothesis for white 
females. 
 
2.2   Introduction 
That taller workers earn more is well known. A typical estimate for the wage premium 
is about 2.5% for every additional inch in height among 30 to 40 year old males and about 
2.9% for every additional inch in height among 30 to 40 year old females1. Much effort has 
                                                 
1 Persico et al. (2004), using data from the National Longitudinal Survey of Youth 79, show for the US that 
every additional inch in adult height is associated with a 2.5% increase in wages at age 31 to 38 for white male 
workers. Case and Paxson (2006), using data from the National Health Information Survey, estimate that every 
additional inch in adult height is associated with a 2.9% increase in wages at age 33 for females. Also for the US, 
Behrman and Rosenzweig (2001), using data from the Minnesota Twin Registry and exploiting the variation in 
height between monozygotic twins, estimate that every additional inch in adult height is associated with a 1.7% 
increase in wages for female workers. Judge and Cable (2004) report that an individual who is 72 inch tall could 
be expected to earn $5,525 more per year than someone who is 65 inch tall, even after controlling for gender, 
weight, and age. For the UK, Case and Paxson (2006), using the 1970 cohort of the National Cohort Study, esti-
mate that every additional inch in adult height is associated with a 1.5% increase in wages at age 30 for male 
workers, and with a 2.8% increase in wages at age 30 for female workers. Heineck (2005), using data from the 
German Socio-Economic Panel Study, finds that above-average height West German males have gross monthly 
earnings which are about € 750 higher than those of below-average height West German males. To a lesser ex-
tent, the same is true for West German females. Other studies include Averett and Korenman (1993), Cawley 
(2000), D’Hombres (2007), Ekwo et al. (1991), Heineck (2006), Mirta (2001), Mankiw and Weinzierl (2007), 
Ribero (2000), Soumyananda et al. (2006), Thomas and Strauss (1997) and in particular Huebler (2006), who 
finds that the individual height effects on wages are curvilinear rather than linear. 
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been made to explain what underlies this empirical relationship: (1) Case and Paxson (2006) 
suggested that taller people have better cognitive ability, and thus their higher income is a 
return on human capital. (2) According to Persico et al. (2004), tall adults are also relatively 
tall during adolescence, and because of that are more likely to participate in high school ac-
tivities in which they obtain skills that are later rewarded in the labor market. (3) Martel and 
Biller (1987), Loh (1993) and Magnusson et al. (2006) argue that taller workers are preferred 
by employers because they consider them to be more self-confident and assertive. (4) Klein et 
al. (1972), Frieze et al. (1990) and Hensley (1993) suggest that taller people can extract a 
premium during wage negotiations thanks to interpersonal dominance derived from their 
height.  
We propose a complementary reason for the association: higher socio-economic status 
families nourish their children better so that they become relatively tall adults, but also endow 
them with more human capital than average. In such a society the social structure reproduces 
itself with limited social mobility, and the relatively tall children earn more than average, thus 
generating - at least in part - the positive association between height and income. This hy-
pothesis is not meant as a substitute for the other explanations mentioned above but rather as 
an additional reason why taller people usually earn a greater income.  
The inquiry is thus based on two assumptions – social mobility being limited, and 
high-income parents being able to nourish their children in a way so that they become rela-
tively tall. We do not test whether social mobility is limited, as this issue has already been 
studied extensively. According to research by Blanden (2005), Perruci and Wysong (2003) 
and Wysong and Perrucci (2006), only 9% of sons whose fathers were in the lowest quartile 
of the income distribution ended up in the top quartile during the second half of the 20th cen-
tury in the US2. Some authors even suggest that over recent years, social mobility has become 
                                                 
2 See also Borjas (1992, 1994), Bowles and Gintis (2004), Menchik (1979), Mulligan (1996), Neal and Johnson 
(1996), Solon (1992), Tomes (1981), and Zimmerman (1992), in a wider sense also Blank (1991), Cutler and 
Katz (1991, 1992), Hanratty and Blank (1990), Lerman and Yitzhaki (1985, 1989, 1991) and Stark et al. (1986).  
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more limited. Perucci et al. (2007), partly drawing on data contained in Featherman and 
Hauser (1978), show that in 1973 49 percent of adults were upwardly mobile compared to 
only about 30 percent of adults in 19983. 
Many studies have shown that a relationship between social status and height has ex-
isted in all societies and at all times even as far back as the 18th century (Komlos et al. 1992), 
or even in such unexpected places as the former German Democratic Republic (Komlos and 
Kriwy 2003). However, data on parental income is mostly unavailable so that current adult 
income has to be used as a proxy for parental income (Komlos and Lauderdale 2007). A study 
that does use parental income finds that it is positively correlated with children’s height until 
about a family income of about $80,000. For example, between an annual family income (for 
a family of four) of c. $10,000 and $80,000 the height of a 17-year-old increases by nearly 
one inch (2.3 cm) and the height of whites is considerably more sensitive to family income 
than that of blacks (Komlos and Breitfelder 2007). We explore this relationship further on 
another data set that contains family income, children’s height, and parental height, examining 
whether children of wealthier parents attain a higher nutritional status and become relatively 
tall adults in contemporary America. To do so, we regress adult height of children on the in-
come of their parents during the time the children were adolescents. As a control variable, we 
use parental height. 
 
2.3   Data 
We use data from the National Longitudinal Survey of Youth 97 (NLSY 97) collected 
by the Bureau of Labor Statistics of the US Department of Labor and designed to gather in-
formation on significant life events in a sample of the US population. It is a nationally repre-
sentative sample of 8,984 youth who were 12 to 16 years old as of December 31, 1996. The 
                                                 
3 See also Schmitt (2005). The evidence on change in the extent of social mobility is disputed (see Solon and Lee 
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respondents were interviewed every year since then. The NLSY 97 includes information not 
only on height and wage of the respondents but parental income and height as well. All in all, 
we use 25 variables from the NLSY 97. Table A2.1 of the appendix lists the variables to-
gether with their NLSY identification code. Table 2.1 presents descriptive statistics for the 
most important variables. Four response items – “total income from wages and salary in 
2003”, “parental household income in 1998”, “height of mother”, and “height of father” – 
have a large share of missing values (50.0%, 72.7%, 25.7 and 50.7%, respectively, see Table 
2.1). This is partly because the questions are not applicable to all respondents (i.e. not all in-
dividuals have already worked in 2003 at age 18-24, for example) and partly because the 
NLSY does not pose all questions to all individuals. The data set can be accessed at the NLSY 
website (http://www.bls.gov/nls/nlsy97.htm). 
 
Table 2.1: Characteristics of the NLSY sample 
 
Gender of respondent  Ethnicity of respondent 
Female 49.4%  Black 33.2%
Male 50.6%  White 66.8%
   
Census region of residence in 
1997 
  Total hours worked in 2003  
Northeast 17.7%  Less than 1,000 hours 48.5%
North Central 26.8%  1,000 to 2,000 hours 12.2%
South 40.7%  2,000 hours or more 18.7%
West 14.8%  Missing 20.6%
   
Total income from wages and 
salary in 2003  
Respondent covered by 
health insurance 
Less than 10,000 dollar 19.7%  Yes 75.4%
10,000 dollar or more 30.3%  No 12.1%
                                                                                                                                                        
2006, Mayer and Lopoo 2005, and Levine and Mazumder 2002). 
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Missing 50.0%  Missing 12.5%
   
Respondent visited a doctor for 
routine check-up in the last 
two years 
  Respondent lived in urban 
area in 1997 
 
Yes 71.7%  Yes 22.6%
No 12.0%  No 73.3%
Missing 16.3%  Missing 4.1%
   
Height of mother   Height of father  
Between 4 and 5 feet 2.4%  Between 4 and 5 feet 0.1%
Between 5 and 6 feet 70.7%  Between 5 and 6 feet 34.0%
Between 6 and 7 feet 1.2%  Between 6 and 7 feet 15.2%
Other or Missing 25.7%  Other or Missing 50.7%
    
Age at 2003 interviews  Age at 1998 interviews 
18 years old 0.6%  13 years old 0.6%
19 years old 14.7%  14 years old 15.5%
20 years old 15.7%  15 years old 16.4%
21 years old 15.2%  16 years old 16.6%
22 years old 15.2%  17 years old 17.0%
23 years old 12.7%  18 years old 13.9%
24 years old 0.9%  19 years old 1.2%
Missing 11.8%  Missing 5.7%
   
Years of education, residential 
mother  
Years of education, residen-
tial father 
7 years or less 5.3%  7 years or less 4.3%
8 years 2.0%  8 years 1.3%
9 years 2.9%  9 years 2.1%
10 years 4.2%  10 years 2.2%
11 years 5.8%  11 years 3.1%
12 years 31.9%  12 years 21.3%
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13 years 7.1%  13 years 3.8%
14 years 11.1%  14 years 8.0%
15 years 2.8%  15 years 1.8%
16 years 10.0%  16 years 8.7%
17 years 1.8%  17 years 1.3%
More than 17 years 4.2%  More than 17 years 5.5%
Missing 10.8%  Missing 36.5%
   
Parental household income in 
1998   
Less than 10,000 dollar 6.6%   
10,000 to 49,999 dollar 7.3%   
50,000 to 100,000 dollar 10.5%   
More than 100,000 dollar 3.0%   
Missing/Not part of sub-sample 72.6%   
 
 
Note: Number of observations is 5,936. Respondent heights are reported in Figures 2.1-2.4. 
Source: NLSY 97. 
 
 
 
To avoid confounding the effects of race and gender discrimination, Persico et al. 
(2004) focus on white men only. We use a similar strategy. In a first step, we restrict our sam-
ple to those 5,936 respondents who were born in the US and who are classified as either black 
or white4. In a second step, we then run separate regressions by race and gender for these in-
dividuals.  
A limitation of our data is that height is self-reported to the nearest inch. The resulting 
measurement error is to some extent even evident in the data. For example, about 13% of 
white females (N=2,932) and 2% of white males (N=3,004) report an adult height that is less 
than what they reported at age 14, with the error being in the range of one inch in about 85% 
                                                 
4 This relatively large decline in the number of observations is due to the fact that minorities are over-sampled in 
the NLSY 97. 
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of cases (Figure 2.1; observations below the 45 degree line reflect an adult height that is less 
than what the respondent reported at age 14).  
 
Figure 2.1: Scatter diagram between height at age 14 and adult height for white, 
US-born individuals 
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Note: The sample is restricted to respondents who were 14 years old at the time of the 1997 survey round. Adult 
height is defined as height at the time of the 2003 survey round when the respondents shown in the diagram were 
approximately 20 years old. The line shown in the diagram is a 45 degree line. Observations below this line imply 
that the individual has reported an adult height that is strictly less than what they reported at age 14. 
Source: NLSY 97. 
 
After controlling for gender, age, and race, height should be distributed normally. In 
our data, this is not the case for younger respondents, pointing to some misreporting (Figure 
2.2). The D'Agostino et al. (1990) and Royston (1991) skewness and kurtosis tests reject the 
null of normality for all distributions (p<0.01 in all cases, N=382, N=397, N=223 and N=245 
respectively)5. However, the adult height distributions are normally distributed for whites 
(Figure 2.3, p=0.2 for females and 0.3 for males) and nearly normal for blacks (p=0.1 for fe-
males and males, N=1,959, N=2006, N=974 and N=997, respectively). 
 
                                                 
5 While height is generally assumed to be normal for adults of a specific race and gender, it is not entirely clear 
whether this is also true for children, where different growth tempos may lead to distortions.    
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Figure 2.2: Histogram of female (left panel) and male (right panel) height, 14-
year old, US-born individuals 
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Note: Height is measured at the time of the 1997 interview.  
Source: NLSY 97. 
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Figure 2.3: Histogram of female (left panel) and male (right panel) adult height, 
US-born individuals only  
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Note: Adult height is height of the respondents at the time of the 2003 interview.  
Source: NLSY 97. 
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In the National Health and Nutritional Examination Survey 1999-2004 (NHANES 
1999-2004) height is carefully measured6. This data set has been recently examined by Kom-
los and Breitfelder (2006) and in Figure 2.4 we use their growth profiles as benchmark 
(N=9,965). Average deviation is 0.5 inches (1.32 cm) for white females, 0.78 inches (1.98 
cm) for white males, 0.91 inches (2.31 cm) for black females and 0.97 inches (2.46 cm) for 
black males.  
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Figure 2.4: Comparison of NLSY 97 and NHANES 1999-2004 growth profiles, 
US-born individuals only 
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6 One might ask why we do not use this data set in the first place. The answer is that the NHANES data set does 
not include information on parental height and parental income while the child grew up. These variables are, 
however, key to our analysis. 
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Black females 
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Note: NLSY 97 data is on a monthly basis, while the NHANES 1999-2004 data is on an annual basis.  
Source: NLSY 97, Komlos and Breitfelder (2006). 
 
The NLSY profiles in Figure 2.4 are closer to the NHANES profiles for ages 17-20 
than for ages 12-16 in all cases. Given this evidence, it seems safer to focus on adult height 
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than on teenage height. Teenage heights, which nonetheless may provide some important in-
sights, must await future research. 
 
 
2.4   The relationship between height and wages in the NLSY 97 
Like Persico et al. (2004), we regress the log hourly wage of US-born individuals who 
worked 1,000 hours or more in 2004 on height (Table 2.2)7. Age ranges from 19 to 24. We 
find a significant positive association between heights and wages only for white females (Ta-
ble 2.2, column 1). For them, one additional inch in height is associated with a 1% increase in 
the wage. Together with some measurement error, the relatively small number of observations 
may partly explain why no significant association exists for the other groups studied. Alterna-
tively, it is also possible that many tall, high-potential individuals are in college at age 19-24. 
This might also explain why the white female wage premium is relatively small when com-
pared to prior estimates. 
 
Table 2.2: OLS estimates, dependent variable: log hourly wage of US-born indi-
viduals who worked 1,000 hours or more in 2004, age 19-24 
 
 Females Males 
 White Black White Black 
Height  0.01*** 
(0.00) 
0.00   
(0.00) 
-0.00   
(0.00) 
-0.00  
(0.00) 
Constant 9.25*** 
(0.20) 
9.50***   
(0.17) 
10.04*** 
(0.09) 
10.06***  
(0.21) 
Adjusted R-squared 0.01 0.00 0.00 0.02 
                                                 
7 Results are robust for adults who worked more than 1,500 or more than 2,000 hours (tables omitted). Also 
following Persico et al., we do not include in our models the usual Mincer (1974) control variables - schooling, 
experience, squared experience. These variables “are endogenous, that is, choice variables that may be influ-
enced by height. This approach [i.e. leaving out the endogenous variables] is consistent with the strategy taken 
by Neal and Johnson (1996), who, along with Heckman (1998), provide detailed arguments against accounting 
for differencesin decision variables when estimating the effect of labor market discrimination.” (Persico et al. 
2004).  
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F-statistic 7.3*** 2.3 0.5 1.5 
Number of observations 476 157 623 161 
 
 
Note: Dependent variable is the log hourly wage at the time of the 2004 interview when respondents were aged 
19-24. Observations below the federal minimum wage were deleted. The sample is restricted to individuals who 
worked 1,000 hours or more. Height is taken from 2004 and measured in inches. Heteroscedasticity-robust 
Huber-White (1967, 1980) standard errors are in parenthesis.  
Source: NLSY 97. 
  * significant at 10%; ** significant at 5%; *** significant at 1% 
 
 
2.5   Parental income during adolescence and adult height 
To test our hypothesis, we regress the height of adults on both gross household income 
of parents during adolescence and parental height (Table 2.3). The model has a number of 
useful econometric properties. Firstly, misreported heights are less of a problem if height is 
used as the dependent variable. Provided that the measurement error is not correlated with any 
of the independent variables, coefficients can be expected to be unbiased (Wooldridge 2005 
and Schneeweiss et al. 2006). Secondly, simultaneity is not an issue in this case. Causality 
runs only from parental income to adolescent height but not the other way round. We thus do 
not depend on, often imperfect, instrumental variables for identification. Finally, with parental 
height in the regression equation, the main potential source of omitted variable bias is elimi-
nated.  
 
Table 2.3: OLS estimates, dependent variable: adult height of US-born individu-
als, age 19-24 
 
 Females Males 
 White Black White Black 
Gross household income of parents during 
adolescence, 1998 (in 100,000 dollars) 
0.68** 
(0.32) 
-0.14    
(0.10) 
0.00  
(0.34) 
-0.18   
(1.38) 
Height of mother  0.36*** 0.25*  0.44***   0.31** 
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(0.06) (0.13) (0.07) (0.14) 
Height of father 0.30*** 
(0.05) 
0.34***  
(0.12) 
0.36***   
(0.06) 
0.31**   
(0.12) 
Constant 20.47*** 
(5.35) 
25.33***  
(10.78) 
17.16*** 
(6.49) 
28.73***  
(10.32) 
Adjusted R-squared 0.35 0.24 0.35 0.20 
F-statistic 26.8*** 5.0*** 23.2*** 5.9** 
Number of observations 212 54 201 35 
 
 
Note: Dependent variable is height at the time of the 2004 interview when respondents were adults aged 19-24. 
Height is measured in inches. Gross household income of parents is for 1998 when respondents were still grow-
ing. Height of parents is in inches and refers to the height of biological parents. Heteroscedasticity-robust Huber-
White (1967, 1980) standard errors are in parenthesis. 
Source: NLSY 97. 
  * significant at 10%; ** significant at 5%; *** significant at 1% 
 
For white females, the coefficient is significantly positive at the 5% level (Table 2.3, 
column 1). An increase in yearly parental gross household income by $100.000 leads to an 
increase in the adult height of children of 0.68 inches (1.73 cm). On average, daughters of 
low-income ($20,000) parents reach an adult height of 65.3 inches (165.9 cm), while those of 
medium-income ($49,000) parents reach an adult height of 65.5 inches (166.4 cm), and those 
of high-income ($78,000) parents reach an adult height of 65.7 inches (166.9 cm) (Figure 
2.5). If social mobility is limited, these relatively tall children will later, like their parents, 
earn more relative to their shorter peers, generating in part the positive association between 
height and income8. The “parental income height premium” exists only for females. This 
makes sense given that most of the other explanations discussed in the introduction pertain to 
men only while the height premium is actually comparable in size for males and females. 
There is also evidence from historical studies that shows that the height of females reacts 
                                                 
8 The result is robust to gross household income being used in logarithmic form. 
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stronger to an exogenous shock in the biological standard of living than male height (Sunder 
2007). 
 
Figure 2.5: Average adult height of white US-born females with parents of aver-
age height as a function of parental yearly gross household income during ado-
lescence 
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Note: The figure is based on the regression results of Table 2.3, column 1. In the figure, a low (medium, high) 
parental income during adolescence is defined as an income of $20,000 ($49,000; $78,000). The effect of parental 
income during adolescence is significant at the 5% level. 
Source: NLSY 97. 
 
 
2.6   Channels 
Why parental income influences female height is not obvious, given that the food 
budget is a relatively small part of total expenditures today. To learn more about the transmis-
sion channels, our data set affords a rich set of variables.  
In a first step, we add a dummy variable for whether a respondent visited a doctor for a 
routine check-up in the last two years. Children, who did not see a doctor for a routine check-
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up in the last two years are on average about 1.33 inch (3.4 cm) shorter than children who 
have visited a doctor for a routine check-up in the last two years (column 1 of Table 2.4 and 
Figure 2.6). The coefficient on income of parents is reduced from 0.68 to 0.64, suggesting that 
about 6% of the parental income height premium can be explained by being able to make doc-
tor visits. The generally good education of high-income parents might also help their children 
in becoming relatively tall, for example, because they can weigh better the risks associated 
with neglecting doctor visits. We control for this by adding the educational achievement of 
the mother and the father (Table 2.4, column 2). Unlike our control for health consciousness, 
parental education is not significant in this model9. Adding dummy variables for the four US 
Census regions reduces the coefficient of interest by more than 10% to 0.59 (column 3 of Ta-
ble 2.4)10. While self-selection (some regions may attract high-income and tall people with, 
for genetic reasons, tall children) may explain part of the result, this nevertheless suggests that 
the “parental income height premium” is partly transmitted by high-income parents living in 
regions where their children have better access to advanced medical facilities, clean air and 
fresh fruit, all of which help growth as height depends positively on gross nutritional intake 
and negatively on claims on the human body such as illness (Komlos 1989). Adding controls 
for whether a respondent lives in an urban or rural area also mediates the initial parental in-
come height premium (-6% to 0.65, column 4 of Table 2.4). If all variables discussed so far 
are included in the model, the initial coefficient on income (column 1) is reduced by about 
20% (column 5 of Table 2.4)11.  
                                                 
9 Results are qualitatively unchanged if we control only for mother’s or father’s education. Only if we leave out 
parental income and parental height, does education have the expected positive effect. The same is true when we 
add controls for the education of the respondent herself/himself instead of controls for the education of parents 
(results omitted). 
10 Information on the composition of the four Census regions (Northeast, North Central, South and West) is con-
tained in Figure A2.1 in the Appendix. 
11 There are other channels that might be worth exploring. Studies show that cost is the most significant predictor 
of dietary choice (Foley and Pollard 1998, Mackerras 1997). Hence, poorer people consume cheaper food, which 
may also be less healthy. Furthermore, poor neighborhoods in the U.S. have limited access to supermarkets, 
which offer a wide variety of healthy food (Morland et al. 2002), making dietary change difficult to achieve. 
Smoking parents, no health insurance, little social safety and psychosocial stress may also adversely affect the 
height of children (Fogelman and Manor 1988, Sunder 2003, Steckel 2008, Woitek 2003, Sunder and Woitek 
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Table 2.4: OLS estimates, dependent variable: adult height of white US-born 
females, age 19-24 
 
 (1) (2) (3) (4) (5) 
Gross household income of parents 
during adolescence (in 100,000 
dollars) 
0.64** 
(0.32) 
0.65*   
(0.35) 
0.59*   
(0.32) 
0.65*  
(0.33) 
0.55  
(0.36) 
Height of mother  0.36*** 
(0.06) 
0.36*** 
(0.06) 
0.36*** 
(0.06) 
0.36*** 
(0.06) 
0.36*** 
(0.06) 
Height of father 0.30*** 
(0.05) 
0.30*** 
(0.05) 
0.30*** 
(0.05) 
0.30*** 
(0.05) 
0.30*** 
(0.05) 
Respondent has not visited a doctor 
for a routine check-up in the last 
two years 
-1.33**  
(0.62) 
   -1.25*  
(0.65) 
Respondent has visited a doctor for 
a routine check-up in the last two 
years 
Reference    Reference
Years of education, mother  -0.02  
(0.07) 
  -0.02   
(0.07) 
Years of education, father  0.03   
(0.07) 
  0.01  
(0.07) 
South   Reference   
Northeast   0.39   
(0.53) 
 0.33  
(0.54) 
North Central   0.51  
(0.37) 
 0.47  
(0.34) 
West   0.18   
(0.43) 
 0.05  
(0.49) 
Rural    -0.07  
(0.92) 
-0.25   
(0.93) 
Urban    0.11   
(0.92) 
-0.01  
(0.91) 
                                                                                                                                                        
2005, Wadsworth et al. 2002, Peck and Lundberg 1995, Montgomery et al. 1997, Silventoinen et al. 1999, 
Davey-Smith et al. 2000 ). Due to small sample size, we can not examine these channels with our own data in a 
meaningful way. 
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Other than rural or urban    Reference Reference
Constant 20.33*** 
(5.36) 
20.35*** 
(5.53) 
20.44***  
(5.40) 
20.10***  
(5.51)  
20.18***  
(5.71) 
Adjusted R-squared 0.32 0.31 0.32 0.31 0.31 
F-statistic 21.3*** 16.4*** 13.0*** 16.2*** 7.7*** 
Number of observations 212 212 212 212 212 
 
 
Note: Dependent variable is height at the time of the 2004 interview when respondents were adults aged 19-24. 
Height is measured in inches. Gross household income of parents is for 1998 when respondents were still grow-
ing. Height of parents is in inches and refers to the height of biological parents. Heteroscedasticity-robust Huber-
White (1967, 1980) standard errors are in parenthesis. 
Source: NLSY 97. 
  * significant at 10%; ** significant at 5%; *** significant at 1% 
 
 
Figure 2.6: Average adult height of white US-born females with parents of aver-
age height and average income as a function of doctor visits 
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Note: The figure is based on the regression results of Table 2.4, column 1. The effect is significant at the 5% 
level. 
Source: NLSY 97. 
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2.7   Conclusion 
Several explanations have been offered for why employers pay a wage premium for 
taller workers. Either taller people have more human capital, or employers have a preference 
for taller people for managerial positions. We add an additional explanation by arguing that 
taller people earn more because high-income parents can nourish their children in a way so 
that they become relatively tall adults. If social mobility is limited, these relatively tall chil-
dren later earn more, like their parents, generating - at least in part - the positive association 
between heights and wages. We test this hypothesis by regressing children’s adult height on 
the income of their parents during the time the former were still growing, controlling for pa-
rental height. We find evidence for our hypothesis only for white females. The white female 
“parental income height premium” is partially mediated through health conscious behavior, 
parental education and geographical location choice. We show that children who have not 
visited a doctor for a routine check-up in the last two years are on average about 1.33 inch 
(3.4 cm) shorter than children who have visited a doctor for a routine check-up in the last two 
years.   
This result contributes to the growing literature on the “biological standard of living“ 
(Floud 1994, Fogel 1994, Komlos 1985, 1989, Steckel 2008, Waaler 1984). According to this 
literature, conventional standard of living measures should be complemented by measures like 
health status, body-mass index, longevity, or average height, as “well being encompasses 
more than just the command over goods and services” (Komlos and Snowdon, 2005). Aver-
age height is the variable most often used in this literature. Reflecting the net nutritional status 
of a population, average height is sensitive to many socio-economic influences. The paper 
adds to this literature by showing that parental income and health consciousness affect the 
height of adolescent girls. 
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2.9   Appendix 
 
Table A2.1: Survey year and NLSY code for variables used in the paper 
 
No. Variable Survey 
year 
NLSY code 
1 Height in 1997 1997 R0322500, R0322600 
2 Height in 1998  1998 R2164100, R2164200 
3 Height in 1999  1999 R3482000, R3482100 
4 Height in 2000  2000 R4880200, R4880300 
5 Height in 2001  2001 R6497600, R6497700 
6 Height in 2002  2002 S0905500, S0905600 
7 Height in 2003  2003 S2978200, S2978300 
8 Height in 2004  2004 S4677000, S4677100 
9 Total income from wages and salary in 2003 2004 S4799600 
10 Total hours worked in 2003 2004 S3817100 
11 Parental household income in 1998 1998 R2563300 
12 Height of father  1997 R0608200, R0608300, 
R0608500, R0608600, 
R0608900, R0609000 
13 Height of mother  1997 R0608200, R0608300, 
R0608500, R0608600, 
R0608900, R0609000 
14 Gender identification biological parents 1997 R0733700, R0734200, 
R0735100, R0734800 
15 Gender of respondent 1997 R0536300 
16 US-born 1997 R5821400 
17 Ethnicity of respondent 1997 R1482600 
18 Exact age during 1998 interview 1998 R2553400 
19 Exact age during 2003 interview 2003 S2000900 
20 Years of education, residential father 1997 R1302600 
21 Years of education, residential mother 1997 R1302700 
22 Respondent covered by health insurance 1997 R0686800 
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23 Respondent visited a doctor for routine check-
up in the last two years 
2003 S1240500 
24 Respondent lived in urban area in 1997 1997 R1217500 
25 Census region of residence in 1997 1997 R1200300 
 
 
Source: NLSY 97. 
 
 
 
 
Figure A2.1: US Census Regions 
 
 
 
Note: Northeast: CT=Connecticut, ME=Maine, MA=Massachusetts, NJ=New Jersey, NH=New Hampshire, 
NY=New York, PA=Pennsylvania, RI=Rhode Island, and VT=Vermont. North Central: IL=Illinois, IN=Indiana, 
IA=Iowa, KS=Kansas, MI=Michigan, MN=Minnesota, MO=Missouri, NE=Nebraska, ND=North Dakota, 
OH=Ohio, SD=South Dakota, and WI=Wisconsin. South: AL=Alabama, AR=Arkansas, DE=Delaware, 
DC=District of Columbia, FL=Florida, GA=Georgia, KY=Kentucky, LA=Louisiana, MD=Maryland, 
MS=Mississippi, NC=North Carolina, OK=Oklahoma, SC=South Carolina, TN=Tennessee, TX=Texas, 
VA=Virginia, and WV=West Virginia. West: AK=Alaska, AZ=Arizona, CA=California, CO=Colorado, 
HI=Hawaii, ID=Idaho, MT=Montana, NM=New Mexico, NV=Nevada, OR=Oregon, UT=Utah, 
WA=Washington, and WY=Wyoming. 
Source: Map by the Indiana Business Research Center, Kelley School of Business, Indiana University. 
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Chapter 3: The Trade-off between a High and 
an Equal Biological Standard of Living – Evi-
dence from Germany 
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3.1   Abstract 
Following German re-unification, East Germany moved from a state-socialist to a market-
based economic system. Using West Germany as a “control group”, we examine how the 
change affected the level and the equality of the biological standard of living. We find that 
before unification, East Germany had a lower but somewhat more equally distributed biologi-
cal standard of living than the West. After unification, East Germany rapidly caught up in 
terms of height but at the expense of equality. This suggests that a trade-off exists between a 
high and an equally distributed biological standard of living. Unlike previous research, we 
find that West Germany’s pre-unification height advantage was smallest in towns with 5,000 
to 20,000 inhabitants and largest in cities with 20,000 to 100,000 inhabitants (females) or in 
cities with more than 100,000 inhabitants (males). Between regions, height converged both in 
East and West Germany, but particularly markedly among East German males. Equality con-
vergence, like height convergence, is significantly larger for East than for West German 
males. 
 
3.2   Introduction 
Biological welfare indicators such as health, longevity and height are useful comple-
ments to conventional indicators of welfare as they reflect the socioeconomic and environ-
mental circumstances experienced by a population (Bogin, 1999; Floud, 1994; Fogel, 1994; 
Komlos, 1985, 1989; Steckel, 1995, 2008; Sunder, 2003; Waaler, 1984). As Komlos and 
Kriwy (2003) point out, this is particularly true for comparisons between countries with dif-
ferent economic and political systems such as the two Germanies prior to unification. After 
all, in such cases, conventional welfare measures are limited in their usefulness as it is hard to 
control for differences in the way prices are determined, in the quality and availability of 
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goods, and in the reliability of official data. Apart from that, it is questionable to what extent 
conventional indicators can capture all dimensions of the quality-of-life. “How, for example, 
should one interpret the fact that East German employees earned about half of their Western 
counterparts in 1980, and their travel was restricted, but had full employment and a more 
equal distribution of income?” (Komlos and Kriwy 2003). With surveys of contentment also 
unavailable, biological welfare indicators are useful for comparing well being in East and 
West Germany before unification (Komlos and Baur 2004 and Heineck 2006).  
From a social point of view, not only a high but also an equally distributed standard of 
living is desirable. In Germany, a “just and equal income distribution” is a goal actually man-
dated by a law enacted in 1963 (Kämper 1992, Krupp 1985, Moeller 1968, Schiller 1978)1. It 
is often suggested that the goals of a high living standard and an equally distributed living 
standard are to some extent conflicting. As Browning and Johnson (1984) argue: “Income 
redistribution is not a socially costless endeavor because the policies required to accomplish it 
generally produce misallocations of resources” (Aghion et al. 1999, Baumol and Fischer 
1979, Benabou 1994, 1996, 2000, 2005, Blyth 1997, Lee 1987, 1993, Niggle 1997, 1998, 
Okun 1975, Persson and Tabellini 1994, Vallentyne 2000; see, however, also Lindert 2007). 
Empirical evidence for a trade-off between equality and efficiency (in Germany) comes from 
Hauser (1992), Loetsch (1991, 1993) and Dathe (1998). They show that after unification, av-
erage income in East Germany increased together with the number of poor households. In 
1990, only 3% of East German households had an income of less than half of the average per 
capita income. By 1997, about 8% did. Despite much research on the biological standard of 
living, little is known about to what extent such a trade-off exists.  
 
 
1 This makes sense in view of the so called Easterlin Paradox of Happiness Economics, which states that the 
effectiveness of income as a generator of well-being is greatly diminished once income reaches a certain level 
(Easterlin 1974). The reason is that aspiration increases along with income and after basic needs are met, relative 
rather than absolute levels of income become important for well-being (“hedonic treadmill”, Brickman and 
Campbell 1971, Clark et al. 2006, Diener 2005, Di Tella 2001, 2004, Frank 1997, Frey and Stutzer 2000, 2002, 
Hepburn and Eysenck 1989, Layard, R. 2005, Phelps 2001, Sen 1970, 1985, 1992, 1995, 1999). 
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3.3   Data 
The German Mikrozensus is a yearly survey of 1% of households, which is about 
370,000 households or about 820,000 persons2. For the survey, districts are selected in which 
all persons are interviewed. The public use files are 70% subsamples of the original Mik-
rozensus, designed to better ensure the anonymity of respondents. We restrict our analysis to 
the Mikrozensus rounds 1999 and 2003, as these rounds are the only ones which include a 
question on the height of respondents. We exclude all implausible observations. For the sake 
of comparability, we exclude immigrants. Throughout the paper, both rounds of the Mik-
rozensus are pooled together to increase sample size. Descriptive statistics of the sample are 
available in Table A3.1 of the Appendix.  
Since height is self-reported in the Mikrozensus, we should be aware of potential bias. 
We compare the trend in height calculated from the Mikrozensus data to similar profiles for 
the 1998 Bundesgesundheitssurvey (BGS, “Federal Health Survey”), in which height is meas-
ured by professionals (Stolzenberg 2000). On average, we have 2,003 female observations per 
annual birth cohort in the Mikrozensus but only 82 in the BGS. For males, the respective 
numbers are 2,012 and 77. In the Mikrozensus, East and West German female height is on 
average 0.3 cm above the BGS trend (Figure 3.1)3. Deviations are larger for older than for 
younger individuals (0.7 cm in the West and 0.8 cm in the East at age 50 to 80 versus 0.2 cm 
and 0.1 cm at age 20 to 49), suggesting that respondents are not fully aware of age-related 
shrinking. Males show less over-reporting than females. Average deviation is 0.6 cm in the 
West and 0.5 cm in the East. Again, deviations are larger for older than for younger respon-
dents, though only slightly (0.6 cm at age 50 to 80 and 0.5 cm at age 20 to 49).  
 
2 The survey is conducted by the Bundesamt für Statistik (Federal Statistical Office) jointly with the statistical 
offices of the 16 individual German states. Most items in the Mikrozensus questionnaire are subject to compul-
sory response. The data can be ordered under the following address: 
http://www.gesis.org/en/social_monitoring/GML/data/mc/index.htm. 
3 We refer to people living in regions that once belonged to the German Democratic Republic as East Germans, 
and to people living in areas that belonged to the Federal Republic of Germany as West Germans.  
Figure 3.1: Comparison of Mikrozensus and Bundesgesundheitssurvey average 
adult height, by year of birth, East and West Germany 
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Source: Mikrozensus 1999 and 2003, Bundesgesundheitssurvey 1998 
 
The male-to female height ratio was similar in East and West Germany throughout the 
period under consideration (Figure 3.2). In both parts of Germany, the male height advantage 
increased beginning with the birth cohorts of the 1950s. 
 
Figure 3.2: Male-to-female height ratio, by year of birth, East and West Germany 
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3.4   Level of the biological standard of living in East and West Ger-
many before and after unification 
 
Using the BGS data set, Komlos and Kriwy (2003) showed that, despite their genetic 
similarity, West Germans were significantly taller than East Germans before unification. They 
conclude that the mixed economy in the West led to a higher biological standard of living 
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than the state-socialist system in the East. They found, moreover, that East German males 
(unlike East German females) have started to catch up to their West German counterparts af-
ter unification. At the level of the 16 individual German states, average adult height generally 
increased from the period 1960-67 to 1976-83 for both genders (Figure 3.3). The only excep-
tion is the state of Saarland, which saw a slight decline in male average height (-0.1 cm). Only 
one East German state made it in the top 8 of the states with the greatest female height in 
1960-67 (Thuringia). Among males, the top 8 is even more dominated by West German 
states, with no East German state represented.  
 
 
Figure 3.3: Average height by state, 1960-67, 1968-75, and 1976-83  
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Females, Bottom 8 States 
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Males, Bottom 8 States 
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Note: States ordered by height in 1960-67. An asterisk denotes an East German state. 
Source: Mikrozensus 1999 and 2003. 
 
 
We regress the height of Germans born 1930-79 on dummy variables for the Bundes-
land (state) in which the individuals lived in the survey year (Table 3.1). In most cases, this 
state is also the state in which the individual grew up as regional mobility is low in Germany 
(Buch 2006). In addition to birth cohorts and state of residence, in columns 2 and 4 we also 
control for town size and net monthly income. The former is a useful predictor of height out-
comes in so far as the supply of medical services is often more efficient in metropolitan areas 
than in rural ones. Moreover, income is usually found to be an important determinant of 
height, as richer parents often have superior consumption skills (Komlos and Kriwy, 2003)4.  
Birth cohorts are significant in all specifications, reflecting a general upward trend in 
the biological standard of living for both genders. Income is also significant for both females 
and males, reinforcing previous research (e.g. Heineck 2006, Thomas 1994) insofar as height 
                                                 
58 
 
4 Here the assumption is that the subject’s own income is positively correlated with his/her parents’ income. 
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is associated with socio-economic differences. Urbanization is generally not significant in 
contrast to the findings of Komlos and Kriwy. 
Significant regional differences exist (Table 3.1 and Figure 3.4). There is a North-
South and West-East gradient, as reported by Heineck (2006) using data from the German 
Socio-Economic Panel.  
 
Table 3.1: OLS estimates, dependent variable: adult height of 1930-79 birth co-
horts 
 
 Females Males 
 (1) (2) (3) (4) 
Birth cohorts     
  30-39 -1.84*** -1.64*** -3.72*** -3.33*** 
  40-49 -0.56*** -0.50*** -1.83*** -1.71*** 
  50-59 Reference Reference Reference Reference
  60-69 1.62*** 1.64*** 1.46*** 1.51*** 
  70-79 2.56*** 2.70*** 2.36*** 3.02*** 
Urbanization     
  Less than 5,000 inhabitants  0.23***  -0.04 
  5,000-20,000 inhabitants  0.08  -0.01 
  20,000-100,000 inhabitants  Reference  Reference
  More than 100,000 inhabitants  0.02  0.16** 
Net monthly income     
  Less than € 900  Reference  Reference
  € 900 - € 1,300  0.45***  0.64*** 
  More than € 1,300  1.36***  2.23*** 
Federal states     
  Baden-Wuerttemberg -1.24*** -1.27*** -1.20*** -1.19*** 
  Bavaria -1.15*** -1.19*** -1.09*** -1.01*** 
  Berlin -0.89*** -0.98*** -0.33*** 0.01 
  Brandenburg -1.40*** -1.41*** -1.27*** -0.43*** 
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  Bremen 0.14 0.13 0.12 0.19 
  Hamburg 0.15 0.01 0.51*** 0.54*** 
  Hesse -0.46*** -0.48*** -0.40*** -0.32*** 
  Lower-Saxony 0.27*** 0.28*** 0.42*** 0.52*** 
  Mecklenburg-Western Pomerania -0.83*** -0.73*** -0.97*** -0.02 
  North Rhine-Westphalia Reference Reference Reference Reference
  Rhineland-Palatinate -0.39*** -0.44*** -0.67*** -0.58*** 
  Saarland -0.78*** -0.71*** -1.36*** -1.21*** 
  Saxony -1.41*** -1.36*** -1.54*** -0.76*** 
  Saxony-Anhalt -1.33*** -1.22*** -1.63*** -0.78*** 
  Schleswig-Holstein 0.53*** 0.45*** 1.09*** 1.20*** 
  Thuringia -1.15*** -1.11*** -1.66*** -0.79*** 
Constant 166.04*** 165.51*** 178.42*** 176.56***
Adjusted R-squared 0.06 0.07 0.09 0.11 
F-statistic 355.7*** 313.1*** 619.0*** 576.8*** 
Number of observations 98,204 98,204 110,000 110,000 
 
 
Note: Height is measured in cm. Heteroscedasticity-robust Huber-White (1967, 1980) standard errors are used.  
Source: Mikrozensus 1999, 2003 
  * significant at 10%; ** significant at 5%; *** significant at 1% 
 
 
Figure 3.4: Regional differences in height after controlling for demographics, 
average town size and average income, 1930-79 birth cohorts 
 
Females                                                     Males 
 
Note: The figure is based on the regression results of columns 2 and 4 of Table 3.1. 1=Hamburg, 2=Bremen, 
3=Berlin, 4=Schleswig-Holstein, 5= Mecklenburg-Western Pomerania, 6=Brandenburg, 7=Saxony-Anhalt, 
8=Lower-Saxony, 9=Hesse, 10= Thuringia, 11=Saxony, 12=North Rhine-Westphalia, 13=Rhineland-Palatinate, 
14=Saarland, 15= Baden-Wuerttemberg, 16=Bavaria. States 5, 6, 7, 10 and 11 comprise East Germany, Berlin (3) 
was divided.  
Source: Mikrozensus 1999, 2003. 
 
We next limit the analysis to those born in the years 1940-69 (Table 3.2). These indi-
viduals grew up before unification. Then, we repeat the analysis for people born 1980-1983, 
who grew up after unification (Table 3.3)5.  
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5 We also consider the birth cohorts of 1970-83 and 1990-96. All results are qualitatively unchanged (results 
omitted). This is also true if we control for education rather than for net monthly income (results omitted). In 
Table 3.2, the height of those born before 1953 is not equal to their adult height insofar as people start to shrink 
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East German females who grew up in a divided Germany were 0.81 cm shorter and 
males 0.50 cm shorter than their West German counterparts (Table 3.2, column 1 and 3 and 
Figure 3.5)6. The coefficients are somewhat smaller than the ones calculated by Komlos and 
Kriwy (2003), who found height advantages of 1.16 and 0.7 cm respectively using BGS data 
for the birth cohorts of 1946-80. The height difference is significant for all birth cohorts (Ta-
ble 3.2, columns 2 and 4).  
To be sure, that East Germans were shorter than West Germans before unification 
does not prove that the state-socialist system in the East led to a lower biological standard of 
living then the mixed economy in the West. Even larger differences exist between some West 
German states – despite the same economic and political system (Figure 3.4). However, Ger-
man re-unification provides us with a “natural experiment” in which to test whether system-
driven differences in the biological standard of living exist: Over a very short period, the 
East’s economic and political system changed. We therefore consider the height of East Ger-
mans after unification. We find that relative to the West German “control group”, East Ger-
mans are no longer significantly shorter than their West German peers (Table 3.3 and Figure 
3.5) and that East German males are even taller now (by 0.66 cm). This indicates that the dif-
ferences were system-driven and that the mixed economy in the West led to a higher biologi-
cal standard of living than the state-socialist system in the East.  
Our results might be influenced by migration. Immediately after unification, consider-
able numbers of West Germans moved to the East. In general, they were either government 
officials dispatched to help with the transformation process, or company representatives de-
veloping the new markets. While they were too old to be included in the birth cohorts of 
1980-83 (Table 3.3), their children may be. At the same time, many East Germans moved to 
after about the fifth decade of life (e.g. Komlos and Kriwy, 2003). However, for the purpose of East-West com-
parisons this does not matter as the shrinking tempo should be comparable in East and West Germany.  
6 Wherever we compare East to West Germany in the paper, we exclude Berlin as the data set does not distin-
guish between East and West Berlin. 
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the West, looking for more promising opportunities there. This flow became more important 
over time when East Germany’s economic development remained behind expectations.  
 
Table 3.2: Pre-unification OLS estimates, dependent variable: adult height of 
1940-69 birth cohorts  
 
 Females Males 
 (1) (2) (3) (4) 
Birth cohorts     
  40-49 -1.68*** -1.62*** -2.94*** -2.78*** 
  50-59 Reference Reference Reference Reference
  60-69 0.47*** 0.21* 0.30*** 0.02 
  40-49*West  0.46***  0.59*** 
  50-59*West  1.11***  0.77*** 
  60-69*West  1.02***  0.29*** 
West 0.81***  0.50***  
East Reference  Reference  
Urbanization     
  Less than 5,000 inhabitants 0.06 0.08 -0.32** -0.30* 
  5,000-20,000 inhabitants -0.03 -0.02 -0.19 -0.17 
  20,000-100,000 inhabitants Reference Reference Reference Reference
  More than 100,000 inhabitants 0.08 0.08 -0.07 -0.08 
  Less than 5,000 inhabitants*West -0.13 1.97*** 0.00 1.88*** 
  5,000-20,000 inhabitants*West -0.15 1.97*** -0.14 1.75*** 
  20,000-100,000 inhabitants*West 0.01 2.11*** -0.14 1.75*** 
  More than 100,000 inhabitants*West 0.00 2.03*** 0.31 2.18*** 
Net monthly income     
  Less than € 900 Reference Reference Reference Reference
  € 900 - € 1,300 0.57*** 0.54*** 0.28*** 0.45*** 
  More than € 1,300 1.22*** 1.37*** 1.43*** 1.93*** 
Constant 165.45*** 165.49*** 177.68*** 177.52***
Adjusted R-squared 0.02 0.04 0.04 0.05 
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F-statistic 191.5*** 226.7*** 385.5*** 379.9*** 
Number of observations 78,254 78,254 90,493 90,493 
 
 
Note: Height is measured in cm. Heteroscedasticity-robust Huber-White (1967, 1980) standard errors are used.  
Source: Mikrozensus 1999, 2003 
* significant at 10%; ** significant at 5%; *** significant at 1% 
 
 
Table 3.3: Post-unification OLS estimates, dependent variable: adult height of 
1980-1983 birth cohorts 
 
 Females Males 
 (1) (2) (3) (4) 
Birth cohorts     
  1980 0.27 -0.01 0.16 -0.75 
  1981 Reference Reference Reference Reference
  1982 0.18 0.10 -0.47 -1.44** 
  1983 -0.29 -0.39 -0.59 -1.15* 
  1980*West  0.65  0.07 
  1981*West  0.39  -0.12 
  1982*West  0.44  0.06 
  1983*West  0.62  0.03 
West 0.56  -0.02  
East Reference  Reference  
Urbanization     
  Less than 5,000 inhabitants 0.00 0.00 -1.01 -1.03 
  5,000-20,000 inhabitants 1.76*** 1.76*** -0.54 -0.56 
  20,000-100,000 inhabitants Reference Reference Reference Reference
  More than 100,000 inhabitants 0.89 0.90 -0.38 -0.37 
  Less than 5,000 inhabitants*West 0.22 0.77 1.66* 0.97 
  5,000-20,000 inhabitants*West -1.54** -0.99 0.34 -0.36 
  20,000-100,000 inhabitants*West 0.00 0.55 0.00 -0.73 
  More than 100,000 inhabitants*West -0.83 -0.29 0.15 -0.6 
Net monthly income     
  Less than € 900 Reference Reference Reference Reference
  € 900 - € 1,300 0.22 0.23 0.05 0.03 
  More than € 1,300 1.62*** 1.61*** 0.07 0.08 
Constant 167.20*** 167.31*** 181.51*** 182.12***
Adjusted R-squared 0.01 0.01 0.01 0.01 
F-statistic 2.05 1.7 1.13 1.14 
Number of observations 3,836 3,836 3,741 3,741 
 
 
Note: Height is measured in cm. Heteroscedasticity-robust Huber-White (1967, 1980) standard errors are used.  
Source: Mikrozensus 1999, 2003  
  * significant at 10%; ** significant at 5%; *** significant at 1% 
 
 
Figure 3.5: Comparison of adult height of East and West German females who 
grew up before and after unification assuming average income and urbanization  
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Note: Positive values mean that West Germans were on average taller than East Germans. Pre-unification refers 
to an individual born between 1950-59 of average urbanization and income (columns 1 and 3 of Table 3.2), while 
post-unification refers to an individual born 1981 (again of average urbanization and income, columns 1 and 3 of 
Table 3.3). 
Source: Mikrozensus 1999, 2003 
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While urbanization plays little or no role in regressions using post-unification cohorts 
(Table 3.3), it is significant in some specifications concerning the pre-unification cohort (Ta-
ble 3.2). This is an indication that the spatial distribution of goods and services became more 
uniform after unification. Notably, urbanization is consistently significant in the specifications 
with interaction terms, but not in the other specifications. To learn more about this phenome-
non, we ran separate regressions for East and West Germans (Table 3.4).  
In our data, the spatial distribution of biological living standards in Eastern and West-
ern Germany is different (Table 3.4 and Figure 3.6). For females, the West-German height 
advantage increases with urbanization, while for males, the pattern is U-shaped. Both for fe-
males and males, West Germany’s relative height advantage is smallest in towns with 5,000-
20,000 inhabitants and largest in cities with 20,000 to 100,000 inhabitants (females) or more 
than 100,000 inhabitants (males). In the study by Komlos and Kriwy, the West-German 
height advantage compared to the East-German population was particularly large in towns 
with fewer than 2,000 inhabitants and decreased with increasing urbanization.  
The difference between our finding and the Komlos and Kriwy finding may be partly 
explained by the choice of control variables. Komlos and Kriwy use a composite indicator 
which is available in their data set to control for socioeconomic status7, while we control for 
net monthly income. Another possible explanation for the difference pertains to the period 
under investigation. While Komlos and Kriwy examine the years 1946-80, we focus on the 
years 1940-69.  
 
 
7 The composite indicator is determined on the basis of four criteria: general education, vocational education, 
occupation and income. Each variable obtains a score from 1 to 7 points. The sum is then divided into three 
equal parts: lower, middle and upper socioeconomic status (Winkler, 1998). 
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Table 3.4: Separate OLS estimates for West and East Germany, dependent vari-
able: adult height of 1940-69 birth cohorts  
 
 Females Males 
 West East West East 
Birth cohorts     
  40-49 -1.71*** -1.65*** -2.96*** -2.77*** 
  50-59 Reference Reference Reference Reference
  60-69 0.53*** 0.25** 0.37*** 0.01 
Urbanization     
  Less than 5,000 inhabitants -0.07 0.04 -0.16* -0.32** 
  5,000-20,000 inhabitants -0.18** -0.05 -0.18** -0.18 
  20,000-100,000 inhabitants Reference Reference Reference Reference
  More than 100,000 inhabitants 0.07 0.09 0.37*** -0.08 
Net monthly income     
  Less than € 900 Reference Reference Reference Reference
  € 900 - € 1,300 0.59*** 0.47*** 0.01 0.91*** 
  More than € 1,300 1.38*** 0.49*** 1.21*** 1.88*** 
Constant 166.20*** 165.67*** 178.22*** 177.39***
Adjusted R-squared 0.02 0.02 0.04 0.04 
F-statistic 221.9*** 45.2*** 452.6*** 116.4*** 
Number of observations 60,764 17,490 72,294 18,199 
 
 
Note: Height is measured in cm. Heteroscedasticity-robust Huber-White (1967, 1980) standard errors are used.  
Source: Mikrozensus 1999, 2003 
  * significant at 10%; ** significant at 5%; *** significant at 1% 
 
 
Figure 3.6: Height difference between West and East Germans as a function of 
town size (1940-69 birth cohorts) 
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Note: Positive values indicate that West Germans were on average taller than East Germans. The figure is based 
on the regression results of Table 3.4. 
Source: Mikrozensus 1999, 2003 
 
3.5   Regional height convergence in East and West Germany 
 
To test for income convergence on a cross-section of economies, the average rate of 
income growth for a given period can be regressed on the initial income (Baumol 1986, Barro 
1991, Barro and Sala-i-Martin 1992, 1995). A negative sign on the coefficient of the initial 
income is interpreted as evidence of income convergence. This kind of regression analysis can 
also be used to consider spatial convergence of biological living standards (Komlos 2007). In 
the following, we therefore regress the difference in height between the birth cohorts of 1946-
49 and 1976-79 on the height of the initial birth cohorts (1946-49) at the sub-regional level 
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(N=88)8. To avoid short-term cyclical effects, we use periods of four years (1946-49, 1976-
79) to calculate robust average heights for the individual sub-regions.  
Convergence is significant in East and West Germany for both genders (Figure 3.7). If 
female mean height of an East German sub-region was only 162 cm in 1946-49, it increased 
on average by 5.5 cm over the next 30 years. In contrast, if the mean height in 1946-49 was 
already 166 cm, it increased only by 3 cm, as reflected by the slope of regression line of –
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0.69.  
les, 
though convergence is particularly strong for East German males (slope of –1.05).   
 
e in East and West Germany, 1946-79 to 1976-79 
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8 Alternatively, we could consider states. However, sample size would be only 15. 
9 On average, the increase is 3.9 cm. 
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 and for the 1976-79 average from 9,430 
tive numbers are 9,702 and 9,456. 
Source: Mikrozensus 1999, 2003. 
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r income, we also include con-
trols fo
ificantly larger than for their West German peers (sig-
nificant interaction term, Table 3.5).  
 
Note: Significance is evaluated using heteroscedasticity-robust Huber-White (1967, 1980) standard errors. For 
females, the average for 1946-49 is calculated from 9,650 observations
observations. For males, the respec
 
To test for East-West differences in height convergence between sub-regions, we in
clude an interaction term between West Germany and average height of the 1946-49 birth 
cohort in another regression (Table 3.5). To capture convergence in the biological standard of
living rather than convergence in the degree of urbanization, o
r birth cohorts, urbanization and net monthly income.  
Our previous convergence results are qualitatively confirmed (significant negative as-
sociation of average height with subsequent height gains, Table 3.5). For East German males, 
unlike for females, convergence is sign
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Table 3.5: OLS estimates, dependent variable: difference in average height be-
tween the 1946-49 and the 1976-79 birth cohorts  
 
 Females  Males 
Average height, 1946-49 birth cohorts -0.60*** -1.24*** 
West*Average height, 1946-49 birth cohorts 0.05 0.11*** 
West -8.36 -14.71*** 
East Reference Reference 
Share of population living in a town with…   
  ... less than 5,000 inhabitants -0.55 -1.36 
  ... 5,000-20,000 inhabitants -0.24 -1.70 
  ... 20,000-100,000 inhabitants Reference Reference 
  ... more than 100,000 inhabitants 0.99 -0.40 
Share of population with a net monthly income of…   
  ... less than € 900 Reference Reference 
  ... € 900 - € 1,300 1.45 9.64** 
  ... more than € 1,300 0.76 7.19** 
Constant 100.18*** 215.13*** 
Adjusted R-squared 0.39 0.55 
F-statistic 12.3*** 8.5*** 
Number of observations 88 88 
 
 
Note: Height is measured in cm. Heteroscedasticity-robust Huber-White (1967, 1980) standard errors are used. 
The average for 1946-49 is calculated from 9,650 observations for females and 9,702 observations for males. The 
respective numbers for the 1976-79 average are 9,430 and 9,456. 
Source: Mikrozensus 1999, 2003. 
  * significant at 10%; ** significant at 5%; *** significant at 1% 
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3.6   Inequality in the biological standard of living in East and West 
Germany before and after unification 
 
The coefficient of variation (CV) for height is widely used in the literature to measure 
equality in the biological standard of living (Baten 2000, Baten and Murray 2000, Godoy et 
al. 2005, Morady and Baten 2005, Komlos 2007). It is defined as the standard deviation of a 
distribution divided by mean height10.  
We present the 1930-79 average of this coefficient at the level of the 16 individual 
German states by gender (Figure 3.8). Major differences exist. The states of Schleswig-
Holstein and Mecklenburg-Western Pomerania are among the most equal ones for females but 
among the least equal ones for males; the opposite is true for Hamburg. We did not find simi-
lar gender-based differences for mean height.  
 
 
10 Usually, the coefficient of variation is multiplied by 100 and reported as a percentage. 
Figure 3.8: Regional differences in equality, as measured by the coefficient of 
variation of height, 1930-79 birth cohorts 
 
Females                                                         Males 
 
Note: 1=Hamburg, 2=Bremen, 3=Berlin, 4=Schleswig-Holstein, 5= Mecklenburg-Western Pomerania, 
6=Brandenburg, 7=Saxony-Anhalt, 8=Lower-Saxony, 9=Hesse, 10= Thuringia, 11=Saxony, 12=North Rhine-
Westphalia, 13=Rhineland-Palatinate, 14=Saarland, 15= Baden-Wuerttemberg, 16=Bavaria. States 5, 6, 7, 10 and 
11 comprise East Germany, Berlin (3) was divided.  
Source: Mikrozensus 1999, 2003 
 
 
In most states, the CV is higher in 1976-83 than in 1960-67 (Figure 3.9)11. Exemptions 
are Brandenburg (both genders), Saxony (females), Hesse (females), Bremen (both genders), 
Berlin (males), Thuringia (males) and Schleswig-Holstein (males). For both genders, the CV 
was at any time between 3.3% and 4.5%. The mean male-to-female CV ratio was similar in 
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11 For East-West averages see Figure A3.1. 
East and West and fairly constant over time (Figure 3.10). That the East’s ratio was more 
volatile than the West’s may be explained by the former’s smaller sample size. 
 
Figure 3.9: Average coefficient of variation by state, 1960-67, 1968-75, and 
1976-83  
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Females, Bottom 8 States 
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Males, Bottom 8 States 
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Note: States ordered by coefficient of variation in 1960-67. An asterisk denotes an East German state. 
Source: Mikrozensus 1999 and 2003. 
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Figure 3.10: Male-to-female coefficient of variation ratio, by year of birth, East 
and West Germany  
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We next explore the possible trade-off between equality and efficiency among those 
born in the years 1940-69 – the years for which the West’s height advantage was established 
earlier. We test whether the West German pre-unification CV is significantly different from 
the East German one using the test for equality of coefficients of variation developed by Ver-
rill and Johnson (2003, 2007)12.  
We find that before unification, the CV is significantly higher for West than for East 
Germans (females: +0.10%, p=0.001; males: +0.06%, p=0.016, Figure 3.11).  
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12 A web-based program for performing this test is available at http://www1.fpl.fs.fed.us/covtestk.html. The 
Verrill-Johnson test is a likelihood ratio test of the equality of the coefficients of variation of two or more nor-
mally distributed populations. Comparisons can take place either on an annual or an aggregate basis. While it is 
not possible to include control variables, the test can be performed for sub-samples reflecting certain attributes.  
Figure 3.11: Pre-unification coefficient of variation for height in West and East 
Germany (1940-69 birth cohorts)  
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Note: Sample size is 54,090 for West German females, 14,168 for East German females, 54,416 for West German 
males, and 14,546 for East German males.  
Source: Mikrozensus 1999, 2003 
 
Furthermore, we stratify according to net monthly income in 1999 or 2003. Figure 
3.12 shows that there is no significant difference in the CV for East and West German females 
of high income. However, the CV for West German females of low or medium income is sig-
nificantly greater than the one for their East German peers (p=0.08 and p<0.001). For males, 
significant East-West difference exists for all categories (p<0.001 in all three cases).  
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Figure 3.12: West-East difference in the pre-unification coefficient of variation 
for height as a function of income (1940-69 birth cohorts) 
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Note: Positive values indicate that West Germany was less equal than East Germany in the respective category. 
Social status is defined via the 1999 or 2003 income. Sample size is respectively 11,499, 9,550 and 23,041 for 
West German females and 2,716, 3,620 and 7,832 for East German females. For West German males, sample size 
is respectively 11,514, 9,544 and 23,071. For East German males, the numbers are 2,719, 3,626 and 7,830.  
Source: Mikrozensus 1999, 2003. 
 
For females in West German towns with less than 5,000 inhabitants and in West Ger-
man cities with more than 100,000 inhabitants, the CV is significantly higher than in their 
East German counterparts (p<0.04 and p=0.001, Figure 3.13). For males, the same is true for 
cities with 20,000 to 100,000 inhabitants (p<0.02).  
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Figure 3.13: West-East difference in the pre-unification coefficient of variation 
for height as a function of town size (1940-69 birth cohorts)  
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Note: Positive values indicate that West Germany was less equal than East Germany in the respective category. 
Sample size is respectively 12,064, 13,223, 12,143 and 10,543 for West German females and 2,146, 5,596, 3,913 
and 3,862 for East German females. For West German males, sample size is respectively 14,171, 16,743, 14,919 
and 20,203. For East German males, the respective numbers are 2,186, 5,902, 3,776 and 6,048. 
Source: Mikrozensus 1999, 2003. 
 
That East Germany had a significantly lower overall CV than West Germany before 
unification (Figure 3.11) does not necessarily prove that the state-socialist system in the East 
led to a more equal biological standard of living then the mixed economy system in the West. 
West Germany is a larger area with a potentially more diverse genetic heritage than East 
Germany, and it is possible that a higher CV reflects this fact, rather than some system-driven 
inequality. However, as already pointed out for height, unification provides us with a natural 
experiment: Over a very short period, the economic and political system changed completely, 
but area size remained unaffected.  
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  We find that after unification the CV in the East is no longer statistically different 
from the one for the West (females: p=0.34) or is even higher (males: p=0.01, Figure 3.14). 
The same result holds for the birth cohorts of 1984-89 (p=0.21 for females, p=0.09 for males) 
and of 1990-96 (p=0.35 for females, p=0.06 for males). Relative to the birth cohorts of 1980-
83, the 1990-96 birth cohorts have the advantage of having grown up entirely after unifica-
tion, but have the disadvantage of being not of adult age when surveyed (this also explains the 
high values for the CV). Overall, these results suggest that a trade-off exists between a high 
and an equal biological standard of living13.  
 
Figure 3.14: Post-unification coefficient of variation for height in West and East 
Germany  
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13 All result are qualitatively unchanged when we run age-specific Verrill and Johnson tests (results omitted). 
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Note: With respect to the 1980-83 birth cohorts, sample size is 3,110 for West German females, 1,198 for East 
German females, 3,180 for West German males, and 1,370 for East German males. With respect to the 1984-89 
birth cohorts, sample size is 1.853 for West German females, 765 for East German females, 1,622 for West Ger-
man males, and 741 for East German males. With respect to the 1990-96 birth cohorts, sample size is 685 for 
West German females, 304 for East German females, 705 for West German males, and 254 for East German 
males. 
Source: Mikrozensus 1999, 2003. 
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3.7   Regional equality convergence in East and West Germany 
 
Adding a dynamic dimension to our analysis, we test whether pre-unification East or 
West Germany provided better conditions for an initially unequal sub-region to catch up with 
its more equal peers. To that end, we use the difference between the 1946-49 birth cohorts’ 
and the 1976-79 birth cohorts’ CV as dependent variable in a Baumol-type regression (Table 
3.6). To test for East-West differences in equality in CV convergence between sub-regions, 
we include a term that interacts “West Germany” with the 1946-49 birth cohorts’ CV. To cap-
ture convergence in the biological standard of living rather than convergence in the degree of 
urbanization, or income, we also include controls for birth cohorts, urbanization and net 
monthly income.  
We find significant convergence both in East and West. The higher the CV for the 
birth cohorts of 1946-49, the greater the following decline in the CV. For males, unlike for 
females, convergence is significantly less in the West than in the East, mirroring the result 
obtained for height convergence. 
 
Table 3.6: OLS estimates, dependent variable: difference in the coefficient of 
variation for height between the 1946-49 and the 1976-79 birth cohorts  
 
 Females Males 
Coefficient of variation in height, 1946-49 birth co-
horts 
-0.76*** -1.27*** 
West*Coefficient of variation in height, 1946-49 
birth cohorts 
-0.18 0.31** 
West 0.01 -0.01* 
East Reference Reference 
Share of population living in a town with…   
  ... less than 5,000 inhabitants 0.00 -0.01*** 
  ... 5,000-20,000 inhabitants 0.00 -0.01*** 
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  ... 20,000-100,000 inhabitants Reference Reference 
  ... more than 100,000 inhabitants 0.01** -0.01*** 
Share of population with a net monthly income of…   
  ... less than € 900 Reference Reference 
  ... € 900 - € 1,300 0.01 0.03*** 
  ... more than € 1,300 0.00 0.00 
Constant 0.02*** 0.05*** 
Adjusted R-squared 0.66 0.84 
F-statistic 169.5*** 341.3*** 
Number of observations 88 88 
 
 
Note: Heteroscedasticity-robust Huber-White (1967, 1980) standard errors are used. We use periods of four years 
(1946-49, 1976-79) to calculate robust coefficients of variation for the individual sub-regions (the number of 
observations is respectively 9,650 and 9,430 for females and 9,702 and 9,456 for males). 
Source: Mikrozensus 1999, 2003. 
  * significant at 10%; ** significant at 5%; *** significant at 1% 
 
3.8   Conclusion 
As previous research (Komlos and Kriwy, 2003), we find that West Germany had a 
pre-unification height advantage. However, we do not find that it decreased with increasing 
urbanization. Rather, we find a U-shaped pattern for males. For females, the West’s height 
advantage was largest in cities with 20,000-100,000 inhabitants. The difference between our 
finding and that of Komlos and Kriwy may be that they have a composite indicator to control 
for socioeconomic status, while we use nominal net monthly income. The periods under in-
vestigation are also different. While Komlos and Kriwy examined the years 1946-80, we fo-
cus on the years 1940-69.  
Substantial height convergence occurred in both East and West Germany for both gen-
ders across regions. For East German males, convergence is significantly larger than for their 
West German peers. Equality was generally higher in pre-unification East Germany for all 
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income groups but not for females of medium income. At the level of regions, substantial 
equality convergence (as measured by the coefficient of variation) existed both in East and 
West Germany for both genders. As with height convergence, equality convergence was sig-
nificantly larger for East than for West German males but not for females. 
For conventional welfare indicators such as income, a trade-off often exists between a 
high and equally distributed standard of living (Aghion et al. 1999, Baumol and Fischer 1979, 
Blyth 1997, Browning and Johnson 1984, Okun 1975, Persson and Tabellini 1994). Whether 
such a trade-off exists also for biological welfare indicators, such as height, has not been ana-
lyzed thus far. Following re-unification, East Germany moved from a state-socialist to a mar-
ket-based economic system. Using West Germany as a control group, we examine how the 
change affected the level of, and the equality in the biological standard of living. Corroborat-
ing the work of Komlos and Kriwy (2003), we find that before unification West Germany had 
a higher biological standard of living than the East, but we also find that it was distributed less 
equally. With unification, both the difference in the level of the biological standard of living 
and the difference in equality disappeared, suggesting that a trade-off exists between effi-
ciency and equality. 
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3.10   Appendix 
Table A3.1: Characteristics of the sample after excluding all observations with-
out height information 
 
Gender of respondent   Born in Germany?  
Female 50.7%  Yes 95.0%
Male 49.3%  No 5.0%
    
Home state   Year of birth 
Baden-Wuerttenberg 11.0%  Before 1919 3.6%
Bavaria 16.4%  1920 to 1929 10.4%
Berlin 4.9%  1930 to 1939 15.4%
Brandenburg 3.5%  1940 to 1949 14.8%
Bremen 1.6%  1950 to 1959 17.0%
Hamburg 1.5%  1960 to 1969 19.0%
Hesse 8.2%  1970 to 1979 13.2%
Lower Saxony 8.2%  1980 to 1989 5.3%
Mecklenb.-West. Pom. 2.0%  1990 to 1999 1.0%
North Rhine-Westphalia 15.4%  2000 or later 0.1%
Rhineland-Palatinate 6.1%   
Saarland 1.8%  Height at interview 
Saxony 7.0%  Less than 150 cm 1.5%
Saxony-Anhalt 6.7%  150 to 155 cm 2.4%
Schleswig-Holstein 2.8%  155 to 160 cm 6.7%
Thuringia 2.8%  160 to 165 cm 14.7%
   165 to 170 cm 19.3%
West German?   170 to 175 cm 19.7%
Yes 73.0%  175 to 180 cm 15.7%
No 22.0%  180 to 185 cm 11.7%
Missing (Berlin) 5.0%  185 to 190 cm 5.6%
   190 cm or more 2.8%
Age at interview    
Less than 10 years old 1.1%  Net monthly income 
10 to 20 years old 4.9%  Less than 900 euro 38.5%
20 to 30 years old 13.4%  900 to 1,300 euro 26.5%
30 to 40 years old 18.6%  1,300 euro or more 35.0%
40 to 50 years old 17.2%   
50 to 60 years old 14.8%  Size of home town 
60 to 70 years old 15.7%  Less than 5,000 inha. 15.0%
70 to 80 years old 10.4%  5,000 to 20,000 inha. 30.3%
80 to 90 years old 3.5%  20,000 to 100,000 inha. 26.1%
90 to 100 years old 0.4%  100,000 inha. or more 28.6%
 
 
Note: Number of observations is 263,361.  
Source: Mikrozensus 1999 and 2003. 
 
 
 
Figure A3.1: Coefficient of variation for height in West and East Germany, by 
year of birth  
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Chapter 4: The Height and BMI values of West 
Point Cadets after the Civil War 
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4.1   Abstract 
West Point cadets born in the 1880s were taller than those born in the 1860s (+1.46 cm) and 
had significantly higher BMI values (+0.85). However, the cadets were on average under-
nourished by modern standards, with today’s average reference values being about 5 BMI 
units higher than those of the cadets. Substantial regional differences existed for both height 
and weight. While West Point cadets born in the 1880s in the Upper South reached on average 
a height of 173.2 cm and a BMI of 21.0, their peers from New England were 171.5 cm tall 
with a BMI of 21.6.  
 
4.2   Introduction 
Mean height is a useful indicator of biological living standards of a society, particu-
larly if conventional measures are unavailable or restricted (Komlos and Snowdon 2005). 
Height depends, in the main, on living conditions, the availability of food and the disease en-
vironment (Bogin 1999, Floud 1994, Fogel 1994; Komlos 1985, 1989, Steckel 1995, 2008, 
Sunder 2003, Waaler 1984). Genetic factors, while important for the determination of indi-
vidual height, are irrelevant at the level of a population as long as its ethnic composition re-
mains unchanged (Steckel 2008).  
Heights declined in the US in the early stages of industrialization and recovered only 
in the 1870s1 (Margo and Steckel 1983, Komlos 1987, 1996, A’Hearn 1998, Lang and Sunder 
2003, Sunder 2004). Because the decline took place in a period in which output per capita 
grew at a rate of about 1.4% per annum (Weiss 1992), the phenomenon is known as the “an-
tebellum puzzle” (Komlos 1996). Reasons for the diminution of stature include urbanization, 
rapid population growth, increases in inequality and in relative food prices, market integration 
 
1 Throughout the paper, dates generally refer to date of birth rather than the date of examination. 
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and an expansion of the non-farm sector (Komlos 1989). Declining height at a time when per-
capita income was growing has been found in many other samples, both military and non-
military (Baten 2000, Nicholas and Steckel 1991, Komlos 1993, Sandberg and Steckel 1987, 
Steckel 1995) and suggests that anthropometric measures are sensitive enough to document 
developments above and beyond the material well being of a population.  
There has not been as much work on heights in the second half of the 19th century as 
on the first half. Recently, data has become available that enables us to extend the work of 
Komlos (1987) on West Point cadets, shedding additional light on the above mentioned re-
covery process after the Civil War. 
 
4.3   Data 
Individuals applying to the West Point Military Academy were required to take a 
medical examination. We have data on 721 candidates who were born between 1872 and 1884 
and applied to the academy between March 1894 and March 19012. We exclude individuals 
who were older than 21 at the time of the examination or who were not born in the US, leav-
ing a working sample of 704 observations. We supplement these data with Komlos’ (1987) 
data for the 1860s and 1870s3. Overall, this makes 2,468 observations pertaining to individu-
als born between 1860 and 1884. For all individuals, we have information on the date of ex-
amination, age, height, body mass index (BMI)4, birthplace, residence, and whether the appli-
cant was admitted. Descriptive statistics of the new and combined sample are given in Tables 
A4.1 of the Appendix.  
  
 
2 US National Archives, Washington, D.C. Signatures: 9W3/16/8/4 box 1 in record group 94 entry 234 and 
9W3/16/8/4 in record group 94 entry 235. 
3 Komlos’ data is from National Archives, Washington, D.C., Military Archives Division, Record Group 94, 
entries 103, 234. 
4 The BMI is calculated as weight in kilograms divided by height in meters squared. 
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4.4   Results 
Controlling for age and region, we find that mean height decreased by 0.5 cm in the 
late 1860s in wake of the Civil War (Table 4.1, column 2, and Figure 4.1)5. This is the last 
offshoot of the general decline in heights during the antebellum period. Thereafter, heights 
increased by 1.26 cm in the first half of the 1870s and by 0.92 cm in the second (Table 4.1, 
column 2, and Figure 4.1), marking the post-reconstruction rebound as already described in 
Komlos (1987). In the first half of the 1880s, heights then decreased slightly (by 0.22 cm) and 
insignificantly (Table 4.1, columns 1 and 2, and Figure 4.1). Still, heights in the early 1880s 
were 0.80 cm above those of a decade earlier, and 1.96 cm above the through of 1865-69. The 
improving nutritional status was due to a number of factors including decreasing transporta-
tion costs (Chanda et al. 2008). Furthermore, with the invention of the refrigerated railroad car 
in the late 1850s (White 1986, 1993) and with canning becoming economical in the 1870s 
(Mokyr 1990, 1997), technology was for the first time sufficiently advanced to accommodate 
the shipment of perishables over long distances in sufficient quantities, benefiting town 
dwellers6. Sanitation also improved in cities (Schultz and McShane 1978).  
There are indications that the plateau of the early 1880s was due to an economic 
downturn. From 1890 to 1894, when the cadets were children, GDP decreased by 3.34% (Of-
ficer and Williamson 2008). Herweijer at al. (2006) also estimate that a widespread and per-
sistent drought took place from 1890-96, which may have affected the nutritional status of 
Americans born in the early 1880s. The recession of 1893 and the McKinley Tariff of 1890, 
which raised the prices of farm equipment imported by the US, may also have had the effect 
of putting pressure on the nutritional status of some groups in the US society. A similar de-
cline in heights was found by Sunder (2007) for passport applicants and by Steckel and 
 
5 Histograms of error terms show no evidence of truncation due to a minimum height or weight requirement 
(Figure A4.1 of the Appendix). 
6 It has been shown frequently that food prices decrease with proximity to the source of food while the nutri-
tional status improves (Baten 1996, Craig and Weiss 1998, 2000, Haines 1989, 1998 and Komlos 1987, 1989, 
1996, 1998). Lower transport costs and improved technology can mediate this effect. 
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Haurin (1994)7 for Ohio National Guardsmen (Figure 4.1). However, Roche (1979) and Co-
clanis and Komlos (1995) report increasing heights for this period for Harvard students and 
for students at the South Carolina military academy, The Citadel (Figure 4.1).  
We find significant regional variation. Cadets from the Upper South, born 1875-79, 
were on average 1.77 cm taller than their peers from New England, reaching a height of 174.9 
cm at age 20 (Table 4.1, column 2 and Figure 4.2). Candidates from the Lower South (173.8 
cm) and the West (174.0 cm) were also relatively tall. 
 
Table 4.1: OLS estimates, dependent variables: height and BMI of West Point 
cadets (age 16-21) born 1860 to 1884 
 
 Height (cm) BMI 
Decade of birth     
  1860-1864 -1.62*** -1.68*** -0.56*** -0.64*** 
  1865-1869 -2.12*** -2.18*** -0.07 -0.16 
  1870-1874 -0.87** -0.92** -0.37*** -0.48*** 
  1875-1879 Reference Reference Reference Reference 
  1880-1884 -0.21 -0.22 0.21 0.21 
Age (years)     
  16 -5.68*** -5.90*** -2.86*** -2.81*** 
  17 -2.13*** -2.17*** -1.67*** -1.65*** 
  18 -1.65*** -1.64*** -1.51*** -1.51*** 
  19 -0.43 -0.42 -1.07*** -1.06*** 
  20 Reference Reference Reference Reference 
                                                 
7 Because of a possible minimum height requirement, we use Sunder’s (2007) re-estimation rather than Steckel 
and Haurin’s original estimates. 
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  21 -0.21 0.20 0.41** 0.41** 
Birthplace     
  Mid-Atlantic  -1.66***  0.30** 
  Midwest  -1.48***  0.44*** 
  Upper South  Reference  Reference 
  Lower South  -1.10**  0.05 
  New England  -1.77***  0.60*** 
  West  -0.88  0.50** 
Admitted     
  Yes  Reference  Reference 
  No  -0.20  -0.20 
Urban/rural     
  Urban  -0.10  -0.12 
  Rural  Reference  Reference 
Residence same as birthplace     
  Yes  Reference  Reference 
  No  0.14  -0.18* 
Constant 173.54*** 174.90*** 21.40*** 21.21*** 
Adjusted R-squared 0.04 0.05 0.05 0.06 
F-statistic 13.5*** 8.9*** 17.7*** 12.7*** 
Number of observations 2,468 2,468 2,468 2,468 
 
 
Note: Heteroscedasticity-robust Huber-White (1967, 1980) standard errors have been used.  
Source: Komlos (1987) and US National Archives, Washington, D.C., Record Group 94, entries 103 and 234.  
  * significant at 10%; ** significant at 5%; *** significant at 1% 
 
Figure 4.1: Average final heights of American male populations 
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Sources: Current NHANES 1996-2004 (modern average height, age 20); Sunder 2007 (passport data, age 22-50); 
Roche 1979 (Harvard students, age 21); Coclanis and Komlos 1995 (Citadel students, age 21); Steckel and 
Haurin 1994 (Ohio National Guard as re-estimated by Sunder 2007, age 25-30, US-born only); Steckel 2006 (US 
extrapolation, age 25-30); Table 4.1, column 1 (West Point Cadets, age 20, average for all regions under consid-
eration). 
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Figure 4.2: Height of 20 year old West Point candidates (cm) born 1875-79, by 
region 
 
 
 
Note: Based on Table 4.1, column 2.  
Source: Komlos (1987) and US National Archives, Washington, D.C., Record Group 94, entries 103 and 234.  
 
 
The BMI value of West Point cadets increased in the 1860s, fell in the first half of the 
1870s and then increased again in the remaining ten years of the period under consideration 
(Table 4.1, columns 3 and 4 and Figure 4.3). Overall, BMI increased by about 0.85 units. 
About 36.6% of West Point cadets between the ages of 20 and 21 had a BMI of less than 19, 
indicating a degree of undernourishment that is usually associated with an increase in mortal-
ity risk (Cuff 1993)8. Today, only about 7% of the 20 to 21 age group have a BMI of less than 
19, with the average BMI being in excess of 25 (Current NHANES 1996-2004, Komlos et al. 
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8 For the whole sample, the share of individuals with a BMI of less than 19 is 31.7%. 
2008, Figure 4.3). The BMI values of West Point cadets were slightly below those found 
among Citadel students during the same period (Coclanis and Komlos (1995), Figure 4.3).  
 
Figure 4.3: Trend in BMI for 20-year old West Point cadets and Citadel students 
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Note: The figure refers to an individual who was born in the Upper South. Citadel students are on a decade basis, 
while West point cadets are on a quinquennium basis.  
Sources: Current NHANES 1996-2004 (modern average BMI); Coclanis and Komlos 1995 (Citadel students). 
Table 4.1, column 1 (West Point cadets). Komlos (1987) and US National Archives, Washington, D.C., Record 
Group 94, entries 103 and 234.  
 
Individuals, who were born in a state different from the one in which they lived at the 
time of the examination, had on average a 0.18 units lower BMI than their peers who did not 
move across state boundaries (Table 4.1, column 4). Cadets from New England, the Midwest 
and the West reached a higher BMI than their peers from the Upper South, the Lower South 
or the Mid-Atlantic region (Table 4.1, column 4 and Figure 4.4). This is in line with Coclanis 
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and Komlos (1995) who report for the Citadel sample that “northerners were somewhat heav-
ier for their height than southerners”. On average, a 20-year old West Point cadet born 1875-
79 had a BMI value between 21.2 if born in the Upper South and 21.8 if born in New England 
(Figure 4.4). By region, the largest West Point/Citadel difference existed for cadets from the 
West (Figure 4.5), with average BMI value of 21.7 and 21.0, respectively. Small sample 
properties (only about 3.4% of West Point cadets and 1.9% of Citadel students were born in 
the West) may explain the deviation.  
 
Figure 4.4: BMI of 20 year old West Point candidates (cm) born 1875-79, by re-
gion 
 
 
 
Note: Based on Table 4.1.  
Source: Komlos (1987) and US National Archives, Washington, D.C., Record Group 94, entries 103 and 234.  
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Figure 4.5: BMI values of 20-year old West Point cadets and Citadel students 
born in the 1870s, by region 
 
20.6 20.8 21.0 21.2 21.4 21.6 21.8 22.0
New England
West
Midwest
Mid-Atlantic
South
Upper South
BMI
West Point cadets Citadel students
 
Note: Based on Table 4.1.  
Source: Coclanis and Komlos (1995) and US National Archives, Washington, D.C., Record Group 94, entries 
103 and 234.  
 
In terms of weight, Citadel students born 1870-85 were on average heavier than their 
West Point peers for all age groups (Figure 4.6). The difference is largest at age 19 (7.8 
pounds) and smallest at age 16 (2.4 pounds). For a more meaningful comparison, we stan-
dardize for height using BMI values and the heights of West Point cadets. In terms of this 
measure, Citadel students were heavier than their West Point peers (Figure 4.6), though the 
difference narrowed considerably with age. At age 18 (the oldest age available for which BMI 
information is available in the Citadel sample), the difference is 0.7 pounds, far less than what 
it was at age 16 (7.7 pounds).    
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Figure 4.6: Weight of West Point cadets and Citadel students born in 1870-85, by 
age 
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Source: Coclanis and Komlos (1995) and US National Archives, Washington, D.C., Record Group 94, entries 
103 and 234.  
 
 
4.5   Conclusion 
Using data on the height and weight of 2,468 West Point cadets born between 1860 
and 1884, we show that both height and BMI were greater in the 1880s than in the 1860s. For 
both measures of the biological standard of living, significant regional variation existed. 
While 20 year old cadets from the Upper South, who were born 1875-79, were on average 
174.9 cm tall, their peers from New England reached a height of only 173.1 cm. On average, a 
20-year old West Point cadet born 1875-79 had BMI values between 21.2 if born in the Upper 
South and 21.8 if born in New England. About 36.6% of West Point cadets between the ages 
of 20 and 21 had a BMI of less than 19, the approximate threshold which marks an increase in 
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mortality risk (Cuff 1993). The increase in height and BMI was not constant, but was accom-
panied by short-term fluctuations. While decreasing transportation costs and inventions such 
as canning and the refrigerated railroad car allowed for advances in the biological standard of 
living, droughts and recessions meant some setbacks at least for parts of the population. The 
result calls for a larger-scale investigation into the relative importance of economic forces in 
the post-Civil War increase in height and BMI, similar to what has been done for the antebel-
lum decline, where up to eight possible causes have been identified and discussed (Sunder 
2004). 
 It is clear that the antebellum decline in height came to an end during reconstruction 
and even a rebound is evident. The nearly 2 cm increase in height of the decades under con-
sideration is about the average increase in height of the developed European populations dur-
ing the course of the 20th Century. 
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4.7   Appendix 
 
Table A4.1: Characteristics of the combined and new sample 
 
 Combined sample New sample 
Year of examination   
1878-79 3.5% n/a 
1880-84 27.5% n/a 
1885-89 27.8% n/a 
1890-94 14.6% 5.8% 
1895-99 19.6% 68.4% 
1900-01 7.3% 25.8% 
   
Age at examination   
16 0.8% 1.7% 
17 21.4% 16.1% 
18 25.4% 23.1% 
19 23.4% 25.4% 
20 16.5% 19.3% 
21 12.6% 14.0% 
22 n/a 0.1% 
23 n/a 0.1% 
   
Admitted   
Yes 86.8% 53.3% 
No 13.2% 46.7% 
   
Year of birth   
1860-65 28.7% n/a 
1865-69 29.4% n/a 
1870-74 11.8% 4.6% 
1875-79 23.7% 72.2% 
1880-84 6.8% 23.2% 
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Urban/rural   
Urban 17.2% 15.2% 
Rural 55.9% 40.3% 
Missing 38.5% 44.5% 
   
Birthplace   
Mid-Atlantic 26.7% 23.9% 
Midwest 36.3% 35.0% 
Upper South 11.1% 11.4% 
Lower South 15.3% 17.2% 
New England 7.3% 6.9% 
West 3.4% 3.7% 
Other n/a 1.9% 
   
Residence equal birthplace?   
Yes 21.6% 11.2% 
No 78.4% 88.8% 
 
 
Note: Number of observations is 2,468 for the combined sample and 704 for the new sample.  
Source: Komlos (1987) and US National Archives, Washington, D.C., Record Group 94, entries 103 and 234. 
 
 
 
 
 
 
 
 
 
Figure A4.1: Histograms of regression error terms (plus constant) 
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Note: Based on Table 4.1, column 2 (height regression) and column 4 (BMI regression).  
Source: Komlos (1987) and US National Archives, Washington, D.C., Record Group 94, entries 103 and 234. 
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Chapter 5: Height and BMI values of German 
conscripts in 2000 and 2001 
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5.1   Abstract 
We examine the height and weight of 320,000 German 18-22 year old conscripts born be-
tween 1979 and 1982. We show that height and BMI outcomes are associated with the socio-
economic status of a person. For example, we find a positive correlation between education 
and height and a negative one between education and BMI. A West-East and a North-South 
gradient in both height and BMI is found. Today, West German recruits are about 5.5 cm 
taller than their peers 43 years ago and about 12.5 cm taller than those 100 years ago, reflect-
ing a substantial improvement in the biological standard of living. To this day, however, indi-
viduals of high socio-economic status are able to reach an above-average height. 
 
5.2   Introduction 
Conventional standard-of-living indicators based on income do not accurately reflect 
the quality of life experience of the various members of a society, particularly of youth. This 
is the case because such aspects of welfare as health, life-expectancy, security, representation 
and equality are not fully integrated into GDP or income measures (Sen 1987, Osberg and 
Sharpe 2002). In an attempt to broaden the definition of living standards, the United Nations 
(1996) created the Human Development Index (HDI) which incorporates not only income but 
also education and life expectancy. Research on happiness is also helpful in overcoming the 
limitations associated with a single indicator (Frey and Stutzer 2002).  
We approach the well being of the German population from the perspective of the bio-
logical standard of living proxied by the anthropometric indicators height and weight (Komlos 
and Baur 2004, Pradhan et al. 2001, Komlos and Baten 1998, Baten 2000, Mielck 2000, 
Steckel 2008). These measures are a mirror of how well the human organism thrives in its 
socio-economic and epidemiological environment (Tanner 1986, Komlos and Cuff 1998, 
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Komlos and Baten 1998). Height is affected by the access to health care, nutrition, the state of 
medical technology, the quality of prenatal care, the attitude toward preventive medicine, the 
virulence of the disease environment, the state of the education system, and the degree of pol-
lution1 (Bogin 1999, Costa 1993, Komlos and Cuff 1998; Komlos and Baten 1998, Waaler 
1984). Weight has recently raised particular concern in many Western industrialized countries 
as overweight and obesity have increased rapidly in the last 25 years (Philipson 2001, Popkin 
and Doak 1998, Komlos et al. 2008). By capturing the biologically relevant quality-of-life 
component of welfare – amongst other things, health and longevity independent of income –, 
height and weight as measures of living standards acknowledge explicitly that the human ex-
perience is inherently multidimensional (Komlos and Baur 2004). 
 
5.3   Data 
After finishing high school and/or vocational training, German males must attend a 
medical examination at the local draft office (“Kreiswehrersatzamt”)2. If found fit, they are 
mustered either into military or civilian service (“Zivildienst”)3. We have data on 320,000 
males who were examined in the years 2000 and 2001 at the age between 18 and 224. All in-
dividuals were measured and their educational status recorded. Furthermore, their health was 
determined by a physician. Grades of T1 (excellent health), T2 (very good health), T3 (good 
 
1 To be sure, at the individual level, anthropometric measures are also affected by genetics. However, this influ-
ence tends to be unimportant in the aggregate as long as the ethnic composition of the population examined is 
held constant (Fogel 1994, Tanner 1986, WHO 1995). 
2 Some exemptions exist. Delinquents sentenced to more than a year or charged with a felony against peace, 
democracy or the state will not be drafted. The same is true for priests and the families of those oppressed by the 
Nazi regime. Another provision exempts everyone from conscription who has two siblings who have already 
served. The same is true for men whose father, mother or sibling died while on service. Men who are married or 
have children are allowed to choose. Workers performing tasks in areas of public interest (such as policemen and 
firefighters) are exempted on request. 
3 In the civilian service, “conscientious objectors” fulfill their national service typically in hospitals, retirement 
homes or emergency medical services. 
4 The data was collected by the German Defense Medical Statistics Agency (Institut für Wehrmedizinalstatistik 
und Berichtswesen 2003), Aktienstraße 87, 56626 Andernach, phone +492612810, and is available upon request. 
The age at the time of the examination varies with the type of school/vocational education attended by the indi-
vidual. Enrollment age and a possible repetition of a school year also play a role. 
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health) or T7 (minor health disturbance) mean that an individual is fit to serve. More specifi-
cally, T1 indicates that the individual has no health disturbance at all, perfect eye sight, is be-
tween 180 cm and 195cm tall and can be used in any military specialty. Individuals receiving 
a T2 grade are of similar health as those with a T1, but do not fulfill the eyesight and/or height 
requirement. We combine T1 and T2 to avoid selection based on the T1 height requirement. 
T3 means that, for some minor fitness concern, the individual is exempt from basic recruit 
training and can not be assigned to the physically most challenging military branches. T7 
means that the individual has a minor health disturbance but is still able to perform some tasks 
in the military5. Individuals who temporarily have a major health disturbance are graded T4, 
meaning that they are exempted for now, but have to repeat the examination a year later. T5 
means that a person has a major health disturbance and that improvement cannot be expected 
in the next couple of years. In consequence, the person is permanently exempted. T6 is re-
served for (older) reservists who are not part of our sample.  
Geographical information is available at the level of seven military districts6. We re-
port descriptive statistics in Table A5.1 of the Appendix. In comparison to a normal distribu-
tion, a height of 178 cm is measured less frequently than expected, while a height of 179 cm 
is measured more frequently (Figure 5.1, panel a). Nonetheless, height is distributed normally 
in this sample according to the D'Agostino et al. (1990) and Royston (1991) skewness and 
kurtosis test. The distribution of the body mass index (BMI) values is positively skewed (Fig-
ure 5.1, panel b), a frequent finding in studies like this (Penman and Johnson 2006)7.   
 
5 In terms of draft equity (“Wehrgerechtigkeit” – the principle that the draft should apply equally and non-
discriminatorily to all men) it was decided in 1995 that those individuals should also serve. 
6 The military districts are numbered from 1 to 7. In the following, we refer to Military District 1 as “North”, to 
Military District 2 as “Northwest”, to Military District 3 as “North Central”, to Military District 4 as “South 
Central”, to Military District 5 as “South West”, to Military District 6 as “South East” and to Military District 7 
as “East” (for a map, see Figure 5.4). 
7 The BMI can be calculated as weight in kg divided by height in meters. 
Figure 5.1: Height and BMI distribution of German males (age 18-22) in 2000 
and 2001 
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Note: The range for is restricted to the interval 160 cm to 200 cm. BMI is rounded to one decimal place with 
range restricted to the interval 16 to 30. 
Source: Institut für Wehrmedizinalstatistik und Berichtswesen (2003). 
 
 
5.4   Results 
 
Controlling for the age and the socio-economic background of individuals, we find 
that mean male height increased by about 2 mm from 1979 to 19828 (Table 5.1, column 1), 
while average BMI remained virtually unchanged (Table 5.1, column 2). However, we do not 
know which individuals are repeating the examination because of a grade of T4 one year ear-
lier. This may bias our coefficients for year of birth and age if repeaters are unusually tall or 
heavy, and distributed unequally over the years. We find a positive association between edu-
cation and height and a negative one between education and BMI (Table 5.1 and Figure 5.2). 
We are unable to establish causation, however, insofar as height and BMI are not exclusively 
determined by one’s education but also those of the parents for which we do not have data. 
Health tends to correlate positively with height and negatively with BMI (Table 5.1 and Fig-
ure 5.3).  
 
Table 5.1: OLS estimates, dependent variables: adult height and BMI of German 
recruits, 2000 and 2001 
 
 Dep. Variable: 
Height (cm) 
Dep. Variable: 
BMI 
Year of birth   
  1979 -0.16* 0.01 
  1980 Reference Reference 
                                                 
8 Throughout the paper, dates generally refer to date of birth rather than the date of examination. 
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  1981 0.15** 0.03 
  1982 0.07** 0.05 
Age   
  18 0.07* 0.23** 
  19 Reference Reference 
  20 -0.23** 0.36*** 
  21 -0.43*** 0.56* 
  22 -0.96*** 0.70*** 
Education   
  Low (Hauptschule) -1.21*** 0.06*** 
  Middle (Realschule) Reference Reference 
  High (Gymnasium) 0.60*** -0.31*** 
Health   
  Perfect/Very good health  0.26*** 0.02*** 
  Good health Reference Reference 
  Minor health disturbance 0.02* 0.91*** 
  Temporary major health  disturbance -0.75** 0.61** 
  Permanent major health  disturbance -0.87** 1.01*** 
Region   
  North 0.48*** -0.10*** 
  Northwest 1.27*** -0.08*** 
  North Central 0.71*** 0.04 
  South Central Reference Reference 
  South West -0.96*** -0.17*** 
  South East -0.42*** -0.14*** 
  East -0.55*** -0.62*** 
Constant 178.37*** 23.57*** 
Adjusted R-squared 0.04 0.02 
F-statistic 1154.3*** 294.3*** 
Number of observations 320,000 320,000 
 
 
Note: Heteroscedasticity-robust Huber-White (1967, 1980) standard errors have been used.  
Source: Institut für Wehrmedizinalstatistik und Berichtswesen (2003). 
  * significant at 10%; ** significant at 5%; *** significant at 1% 
Figure 5.2: Height and BMI of German males as a function of education, 
2000/01  
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Note: The figure is based on Table 5.1, columns 1 and 2, and refers to 22-year old males born 1979 in the South 
Central region and who are of very good health (T2). 
Source: Institut für Wehrmedizinalstatistik und Berichtswesen (2003). 
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Figure 5.3: Height and BMI of German males as a function of health, 2000/01  
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Note: The figure is based on Table 5.1, columns 1 and 2, and refers to 22-year old males born 1979 in the South 
Central region, who have a middle education. 
Source: Institut für Wehrmedizinalstatistik und Berichtswesen (2003). 
 
People from the Northwest were tallest. A 22-year old individual of very good health 
with a middle education and born in 1979 reached a height of 179.6 cm there (Table 5.1, col-
umn 2, and Figure 5.4). This was 2.2 cm more than the average height of comparable con-
scripts from the South West. In contrast, regions with a short population tend to be in the 
South-West (Figure 5.4), reinforcing previous research that found a West-East and a North-
South gradient in height in Germany (Heineck 2006). Lacking further information at the indi-
vidual level, we report population density, monthly spending on dairy products and eggs, 
GDP per capita and income Gini coefficients at the level of regions (N=7, Figure 5.4)9. We 
find that the Northwest was not only the region with the tallest recruits, but also the one with 
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9 We also have information on the unemployment rate and the disposable income per capita or per family. These 
measures are, however, closely related to GDP per capita. 
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the lowest population density (155 persons per square-kilometer) and the second lowest ine-
quality of income (Gini coefficient of 0.273, Figure 5.4)10. However, the data presented here 
is meant to be merely descriptive. Any causal inference would have to be based on multiple 
regression analysis as a lack of control variables may mask existing associations, or generate 
artificial ones11.  
BMI was highest for men living in the North Central region (Table 5.1, column 2, and 
Figure 5.5). Those regions with the lowest mean heights – South West, South East and East – 
were also the ones with the lowest BMI (Figure 5.5). Therefore, a West-East and a North-
South gradient in BMI exists similar to the one for height. The BMI gradients are in contrast 
to previous research which suggested that individuals living in the middle regions of Germany 
have a higher BMI than their Northern or Southern counterparts (Heineck 2006). A different 
choice of control variables and a different classification of regions (in particular with respect 
to Northern Germany), may explain these differences. Geographic correlates of height such as 
population density (coefficient of -0.11, p=0.81), spending on dairy products and eggs (coef-
ficient of 0.18, p=0.70), per capita GDP (coefficient of 0.14, p=0.76) and inequality (coeffi-
cient of 0.11, p=0.78) are insignificant in terms of Spearman’s rank correlation (N=7)12.  
 
 
10 The Spearman rank correlation coefficient between height and population density is -0.3. However, we cannot 
reject the null hypothesis of mutual independence (p=0.48). The same is true for average monthly spending on 
dairy products and eggs (coefficient of 0.21, p=0.64) and per capita GDP (coefficient of -0.46, p=0.29). There is, 
however, a significant negative correlation between inequality and height (-0.77, p=0.07) if we exclude the East 
which, because of its socialist past, may be seen as a special case (Komlos and Kriwy (2003). Without excluding 
the East, the coefficient for inequality is -0.29 (p=0.53). Results for population density, spending on dairy prod-
ucts and eggs, GDP per capita are qualitatively the same irrespective of whether the East is included or not. The 
Bravais-Pearson correlation coefficient is -0.13 (population density), 0.42 (spending on dairy products and eggs), 
0.15 (per capita GDP) and 0.07 (inequality), respectively. 
11 Since we have only seven observations (based on the seven regions), multiple regression analysis is difficult to 
implement here. At most, we can hope to use two or three control variables at a time. The small sample size, 
however, tends to render results insignificant. Hence, the evidence presented in Figure 5.4 can only suggest 
causal effects, which future research – based on a larger data set – could then corroborate. 
12All results are qualitatively unchanged if we exclude the East because of its socialist past. The Bravais-Pearson 
correlation coefficient is -0.54 (population density), 0.81 (spending on dairy products and eggs), 0.83 (per capita 
GDP) and 0.70 (inequality), respectively. 
Figure 5.4: Height and selected geographic environmental correlates of German 
males in 2000 and 2001 by region, rank  
 
 
Note: The figure is based on Table 5.1, column 2, and refers to 22-year old males born 1979, who have a middle 
education and are of very good health (T2). Where possible, population density, monthly spending on dairy prod-
ucts and eggs, GDP per capita, and the Gini coefficient refer to the period in which respondents were growing up. 
Source: Institut für Wehrmedizinalstatistik und Berichtswesen 2003 (height), Statistsches Bundesamt 2008 (po-
pulation density, DPE spending, and GDP per capita), and Berlinpolis 2006 (Gini coefficient). 
* DPE stands for dairy products and eggs; monthly per capita spending is reported. 
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Figure 5.5: BMI and selected geographic environmental correlates of German 
males in 2000 and 2001 by region, rank  
 
 
Note: The figure is based on Table 5.1, column 2, and refers to 22-year old males born 1979, who have a middle 
education and are of very good health (T2). Where possible, population density, monthly spending on dairy prod-
ucts and eggs, GDP per capita, and the Gini coefficient refer to the period in which respondents were growing up. 
Source: Institut für Wehrmedizinalstatistik und Berichtswesen 2003 (height), Statistsches Bundesamt 2008 (po-
pulation density, DPE spending, and GDP per capita), and Berlinpolis 2006 (Gini coefficient). 
* DPE stands for dairy products and eggs; monthly per capita spending is reported. 
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5.5   Historical comparison 
We compare the average height of today’s generation to those of the 621,216 males 
who served in the Imperial German Army as of December 1, 190613. Already then, individu-
als from the North and the West were tallest (Figure 5.6). Recruits from Oldenburg reached 
on average a height of 169.8 cm. This is 3.4 cm more than the average height of recruits from 
Saxony (166.4 cm), the shortest in our sample. About 2% (12,350) of the servicemen were 
reserve officer cadets (“Einjährig-Freiwillige”), while all others were enlisted soldiers. The 
prospective reserve officers were part of the society’s elite in terms of educational achieve-
ment, as only those few who had passed the university entrance exam (“Sekundarreife” at a 
Gymnasium or a Mittelschule) could volunteer for this service. Furthermore, their parents 
generally had to be well-off as they were supposed to pay for their sons’ accommodations and 
livelihood while the latter served in the active military. On average, reserve officer cadets 
were taller than enlisted men (Figure 5.7). The difference was largest for the East (+4.2 cm) 
and smallest for the North (+3.1 cm)14. However, even reserve officer cadets were much 
shorter than today’s average. According to the Institut für Wehrmedizinalstatistik und 
Berichtswesen (2003) data from above, today’s males are on average 8.8 cm taller than the 
reserve officer cadets of nearly 100 years earlier. For enlisted men, the difference is 12.5 cm. 
For reserve officer cadets, the difference is largest for the South East (+9.9 cm) and smallest 
for the South West (+8.1 cm); for enlisted men, the difference is also largest for the South 
East (13.5 cm) but smallest in the North (11.9 cm). The height gains are proof of the large 
increase in the biological standard of living that occurred in Germany over the course of the 
20th century. However, even today, highly-educated individuals are still taller than their peers 
with less education (Figure 5.7). 
 
 
13 Height information is taken from the Royal Prussian Statistical Yearbook (1908). 
14 See Table A5.2 of the Appendix for how provinces of the German Empire relate to military districts/regions. 
Figure 5.6: Height of German males in 1906, by region 
 
 
Note: A lower number indicates a greater average height. 1 = Großherzogtum Oldenburg, 2 = Provinz Schleswig-
Holstein, 3 = Großherzogtum Mecklenburg-Strelitz, 4 = Freie und Hansestadt Bremen, 5 = Freie und Hansestadt 
Lübeck, 6 = Großherzogtum Mecklenburg-Schwerin, 7 = Provinz Westfalen, 8 = Provinz Hannover, 9 = Freie 
und Hansestadt Hamburg, 10 = Provinz Pommern, 11 = Fürstentum Waldeck, 12 = Herzogtum Braunschweig, 13 
= Provinz Rheinland, 14 = Hohenzollern, 15 = Fürstentum Schaumburg-Lippe, 16 = Fürstentum Schwarzburg-
Rudolstadt, 17 = Provinz Ostpreußen, 18 = Provinz Westpreußen, 19 = Stadtkreis Berlin, 20 = Fürstentum Lippe, 
21 = Provinz Hessen-Nassau, 22 = Fürstentum Schwarzburg-Sondershausen, 23 = Großherzogtum Sachsen (Sa-
xony)-Weimar, 24 = Reichsland Elsaß-Lothringen, 25 = Provinz Brandenburg, 26 = Großherzogtum Hessen, 27 = 
Provinz Posen, 28 = Großherzogtum Baden, 29 = Herzogtum Sachsen (Saxony)-Meiningen, 30 = Herzogtum 
Sachsen (Saxony) Coburg Gotha, 31 = Herzogtum Anhalt, 32 = Königreich Württemberg, 33 = Provinz Sachsen 
(Saxony), 34 = Fürstentum Reuß jüngere Linie, 35 = Pfalz, 36 = Fürstentum Reuß ältere Linie, 37 = Südbayern 
(Southern Bavaria), 38 = Nordbayern (Northern Bavaria), 39 = Herzogtum Sachsen-Altenburg, 40 = Provinz 
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Schlesien, 41 = Königreich Sachsen (Saxony). 
Source: Royal Prussian Statistical Yearbook (1908). 
 
Figure 5.7: Male height in Germany 1906 and 2000/2001, by social status and 
region 
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Source: Royal Prussian Statistical Yearbook (1908), Institut für Wehrmedizinalstatistik und Berichtswesen 
(2003). 
 
 Official data from the German Ministry of Defense (Bundesministerium der Verteidi-
gung 1997) also shows the general increase in heights with reference to German conscripts 
born between 1938 and 1976 and examined at age 19 (Figure 5.8). We supplement these data 
with information on the 1979-82 birth cohorts from above (Institut für Wehrmedizinalstatistik 
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und Berichtswesen 2003). To foster comparison, we focus exclusively on recruits examined at 
age 19. This restricts our additional data to the birth cohorts of 1981 and 198215.  
Of all recruits born 1938, those from the North were the tallest with a height of 176.0 
cm. Until 1981, they gained an additional 4.5 cm to reach 180.5 cm. The gain was below the 
average of 5.9 cm and in particular below the height increase seen in the Northwest (+6.5 cm) 
and the South East (+6.4 cm). In 1938, the latter had the shortest male population. To test for 
convergence, the difference in height between the birth cohorts of 1982 and 1938 can be re-
gressed on the height of the 1938 birth cohort (Komlos 2007, Baumol 1986, Barro 1991, 
Barro and Sala-i-Martin 1992, 1995). We find significant convergence (Figure 5.9, p=0.04, 
N=6), as great initial height is associated with a relative small subsequent increase in height, 
and vice versa. However, the result depends to a large extent on one region (the North).  
 
Figure 5.8: Male adult height in Germany, birth cohorts of 1938 to 1976 and of 
1981/1982, by region   
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15 Unlike the Bundesministerium der Verteidigung (1997) data, the additional data includes recruits who had to 
retake the examination. Potentially, this biases our estimates for the 1980/81 birth cohorts somewhat downwards. 
 Note: Information on the East has only become available after re-unification. At the same time, region North also 
expanded to include northern parts of the former GDR. 
Source: Bundesministerium der Verteidigung (1997), Institut für Wehrmedizinalstatistik und Berichtswesen 
(2003). 
 
Figure 5.9: Average adult height (1938 birth cohort) and increase in average 
adult height (1938-1982 birth cohorts), by region   
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Note: Significance is evaluated using heteroscedasticity-robust Huber-White (1967, 1980) standard errors. 
Source: Bundesministerium der Verteidigung (1997), Institut für Wehrmedizinalstatistik und Berichtswesen 
(2003). 
 
 In 1950, average male adult height was 7.9 cm greater than in 1906 (Figure 5.10). The 
highest rates of increase occurred in the North (+8.5 cm); smaller increases took place in the 
South Central and North Central regions (about 7.6 cm in both cases). The high growth tempo 
of the first half of the century could not be sustained in the second half. In comparison to 
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1951, average male height was 4.2 cm greater in 2000. The largest increase was recorded in 
the South East (+4.6 cm), the smallest in the North (+3.2 cm). 
 
Figure 5.10: Increase in height by region, 1906-1950 and 1951-2000   
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Note: Information on the East has only become available after re-unification. At the same time, region North also 
expanded to include northern parts of the former GDR. 
Source: Royal Prussian Statistical Yearbook (1908), Bundesministerium der Verteidigung (1997), Institut für 
Wehrmedizinalstatistik und Berichtswesen (2003). 
 
 At the level of regions, weight information in the Bundesministerium der Verteidigung 
(1997) data is available only beginning in 1973. Before that, we can only use a Germany-wide 
average, which shows that BMI tended to decline until the birth cohort of 1959 (Figure 5.11). 
BMI was 22.4 for males born 1938 and 21.9 for those born in 1959. A fast-food culture began 
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to develop in Germany in the 1970s16, possibly contributing to the general increase in BMI 
which began with the 1960 birth cohort. Recruits born 1973 in the East had a BMI of about 
22.5, well below the 23.0 average for all other regions. For the 1981 East German birth co-
horts, BMI then increased to 22.7. The change of 0.2 is relatively large when compared to the 
average for the other regions (+0.1). The South West even experienced a small decrease in the 
period under consideration (-0.02). 
 
Figure 5.11: Male BMI in Germany, birth cohorts of 1938 to 1976 and of 
1981/1982  
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Source: Bundesministerium der Verteidigung (1997), Institut für Wehrmedizinalstatistik und Berichtswesen 
(2003). 
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16 The first McDonald’s restaurant in Germany opened in Munich in December 1971. 
Official (1997) data also enables us to compare, at the level of regions, average height 
and BMI by urbanization using selected areas17. While in the North and in the South, rural 
recruits are taller than town dwellers, it is reversed in the West and, in particular, in the East 
where recruits from Berlin are 0.5 cm taller than those from the surrounding countryside (Fig-
ure 5.12, panel a). Irrespective of region, town dwellers tend to have a lower BMI than re-
cruits from rural areas (Figure 5.12, panel b). The difference is particularly pronounced for the 
North (0.7).  
 
Figure 5.12: Height and BMI, 1973-76 birth cohorts, by urbanization (selected 
areas)  
 
(a) Height 
178.0
178.5
179.0
179.5
180.0
180.5
181.0
181.5
North West South East
H
ei
gh
t (
cm
)
urban rural
 
 
 
 
 
 
 
                                                 
136 
 
17 Urban areas are the following cities: Hamburg (North), Düsseldorf (West), Munich (South), and Berlin (East). 
Rural areas are the following communities: Heide, Meppen, Nienburg (North), Jülich, Neuwied, St. Wendel 
(West), Lörrach, Traunstein, Weilheim (South), and Jena, Schwerin, Stendal (East). 
(b) BMI 
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Note: See footnote 17 for definitions of “urban” and “rural”.   
Source: Bundesministerium der Verteidigung (1997). 
 
 
5.6   Conclusion 
We analyze the socio-economic variation in height and BMI using data on about 
320,000 males who were examined in the years 2000 and 2001 for compulsory military or 
civilian service. Even after controlling for the influence of other variables, differences in 
height and weight by educational and health status remain inasmuch as better educated and 
healthier individuals tend to be taller and tend to have a lower BMI. For example, individuals 
with a high education were on average 0.60 cm taller and had a 0.31 points lower BMI than 
their peers with a middle education. Relative to individuals with a low education, the differ-
ence was 1.81 cm for height, and -0.37 units for BMI. Men found most healthy in the exami-
nation were on average taller than those classified as least healthy (+1.13 cm) and had a lower 
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BMI (-0.99 units). The regions with the greatest average height tend to be the ones with the 
highest equality, suggesting that anthropometric measures are sensitive to distributional ef-
fects. Regional differences imply that there is a North-South and a West-East gradient both in 
height and BMI in Germany. Individuals from the North are 1.6 cm taller than their peers 
from the South West and persons from North Central Germany reach a height 1.2 cm greater 
height than recruits from the East. The difference in BMI is 0.1 and 0.6 points, respectively. 
Data on the 1906 German Army shows that recruits then were about 12.5 cm shorter than 
their peers today. However, the North-South and West-East gradient in height existed already 
then, as did the height advantage for people of higher socioeconomic status.  
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5.8   Appendix 
Table A5.1: Characteristics of the sample 
 
Age   Height  
18 22.2%  Less than 170 cm 6.7% 
19 41.1%  170 to 179.9 cm 42.6% 
20 26.3%  180 to 189.9 cm 42.7% 
21 8.9%  190 to 194.9 cm 5.9% 
22 1.6%  195 cm and more 2.1% 
     
Education   BMI  
Low ("Hauptschule") 32.6%  Less than 19 8.7% 
Middle ("Realschule") 33.2%  19 to 24 59.0% 
High ("Gymnasium") 34.2%  More than 24 32.3% 
     
Year of birth   Health/Fitness  
1979 3.3%  T1 4.8% 
1980 15.5%  T2 59.0% 
1981 43.1%  T3 or T7 19.2% 
1982 38.1%  T4 or T5 17.0% 
     
Region   Weight  
North 7.5%  Less than 50 kg 0.5% 
Northwest 12.0%  50 to 59 kg 8.1% 
North Central 24.0%  60 to 69 kg 34.0% 
South Central 10.7%  70 to 79 kg 28.3% 
South West 14.5%  80 to 89 kg 14.2% 
South East 12.8%  90 to 109 kg 9.4% 
East 18.4%  110 kg and more 5.5% 
 
 
Note: Number of observations is 320,000.  
Source: Institut für Wehrmedizinalstatistik und Berichtswesen (2003). 
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Table A5.2: Provinces of the German Empire and today’s states and regions 
 
No. Province Today part of state/country Region 
1 Freie und Hansestadt Bremen Bremen Northwest 
2 Freie und Hansestadt Hamburg Hamburg North 
3 Freie und Hansestadt Lübeck Schleswig-Holstein North 
4 Fürstentum Lippe North Rhine-Westphalia North Central 
5 Fürstentum Reuß ältere Linie Thuringia East 
6 Fürstentum Reuß jüngere Linie Thuringia East 
7 Fürstentum Schaumburg-Lippe Lower-Saxony Northwest 
8 Fürstentum Schwarzburg-
Rudolstadt 
Thuringia East 
9 Fürstentum Schwarzburg-
Sondershausen 
Thuringia East 
10 Fürstentum Waldeck Hesse, Lower-Saxony Northwest and 
South Central 
11 Großherzogtum Mecklenburg-
Strelitz 
Mecklenburg-Western Pomera-
nia 
North 
12 Großherzogtum Mecklenburg-
Schwerin  
Mecklenburg-Western Pomera-
nia 
North 
13 Großherzogtum Oldenburg Lower-Saxony, Saarland Northwest and 
South Central 
14 Großherzogtum Sachsen-
Weimar 
Thuringia East 
15 Großherzogtum Baden Baden-Wuerttemberg South West 
16 Großherzogtum Hessen Hesse South Central 
17 Herzogtum Anhalt Saxony-Anhalt East 
18 Herzogtum Braunschweig Lower-Saxony, Saxony-Anhalt Northwest and 
East 
19 Herzogtum Sachsen Coburg Go-
tha 
Thuringia, Bavaria, Saarland South Central, 
South East, 
and East 
20 Herzogtum Sachsen-Altenburg Thuringia East 
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21 Herzogtum Sachsen-Meiningen Thuringia East 
22 Hohenzollern Baden-Wuerttemberg South West 
23 Königreich Sachsen Saxony East 
24 Königreich Württemberg Baden-Wuerttemberg South West 
25 Nordbayern Bavaria South East 
26 Pfalz Rhineland-Palatinate South Central 
27 Provinz Brandenburg Brandenburg East 
28 Provinz Hannover Lower-Saxony Northwest 
29 Provinz Hessen-Nassau Hesse South Central 
30 Provinz Ostpreußen Poland, Russia n/a 
31 Provinz Pommern Mecklenburg-Western Pomera-
nia, Poland 
North 
32 Provinz Posen Poland n/a 
33 Provinz Rheinland Rhineland-Palatinate South Central 
34 Provinz Sachsen Saxony East 
35 Provinz Schlesien Saxony, Poland, Czech Republic East 
36 Provinz Schleswig-Holstein Schleswig-Holstein North 
37 Provinz Westfalen North Rhine-Westphalia North Central 
38 Provinz Westpreußen Poland n/a 
39 Reichsland Elsaß-Lothringen France n/a 
40 Stadtkreis Berlin Berlin East 
41 Südbayern Bavaria South East 
 
 
Source: Based on Frie (2004). Former German colonies are excluded. 
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